PLESSE ATVACH A4 SATERIAL SAVETY DATASHEET O8 EQUIVALENT FOR NEW IOLOGICAL AGENTS.
PLEASE ATLACH A BRIEE DESCRIPTION QF THE WORK TUAT EXPLAINS FHE BIOLOGICAL AGENTS USED AND HOW THEY IVILL BI
SFORED, USED AND DINPOSED OF.

Approved Personnel - Additional Personnel
(Please stroke out anv personnel to be removed) (Please list additional personnel here)
Rushi Ghandi

Phoebe Zhong
April Huang

Sahra Nathoo

Ola Ismail
Xinghong Xhang
Please stroke out any approved Write additional Biological Agent(s)
Biological Agent(s) to be removed for approval below. Give the full
name
Approved E.coli, Lentivirus
Microorganisms
Approved Primary Mouse[primary] kidney, spleen, blood, bone )
d Established Cell marrow, CT26.WT. Human[established]786-
and Established Cells 0, 769-P, HEK293, HEK293TA7, Jurkat, HK-

2 Rodent[established] JAWSII, mIMCD-3,
CMT-93, DC. 2.4. Porcine [established]LLC-

Approved Use of
Human Source

Material
Anproved Genetic [ﬁlasmids]: pcDNA3. [vectors]: pLUX-puro ' - p \ ! I
PI . . proprietory pCM V Otd\'\ Rg"l

Modifications

: PCOW §
(Plasmids/Vectors) '

\ISVCL |

Approved Use Musculus
of Animals
Anvioved Biolost C3 Exotoxin, Phalloidin, SB202190, (S)-(+)-
. ‘I l,]. € ologlcal Camptothecin, GM6001, Gemcitabine,
l'oxin(s) Tunicamycin, cylcoheximide, MG132, ALLN,

Y27632, Dithiotheitol, Bafilomyun, Pharbol-
12, TAPI-O, poxorubicin, oxaliplatin

Tuesday, May 29, 2012 Page 1 of 2



Approved Gene
Therapy

Approved Plants and
Insects

As the Principal Investigator, I have ensured that this project will follow the Western Biosafety
Guidelines and Procedures Manual for Containment Level 1 2 Laboratories (and the Level 3 Facilities
Manual for Level 3 projects). 1 will ensure that UWO faculty, staff and students working in my
laboratory have an up-to-date Hazard Communication Form, fpund at
http://www.shs.uwo.ca/workplace/newposition.htm

Signature of Permit Holder: —
“ - N /
Current Classification: 2+ Containment Level for Added Biohazards:

Date of Last Biohazardous Agents Registry Form: Jun 29, 2010

Date of Last Modification (if applicable): Feb 17, 2012

BioSafety Officer(s)*:

*For work being performed at Institutions affiliated with Western University, the Safety Officer for the
Institution where experiments will take place must sign the form prior to its being sent to Western
University Biosafety Officer.

Chair, Biohazards Subcommittee: Date:

Tuesday, May 29, 2012 Page 2 of 2



Biosafety_ModificationSummary_2012_June_11

The purpose for adding these agents to the protocol is as follows: We are generating
mouse and human cell lines either expressing the KIM-1 transgene or shRNA
knockdown for endogenous KIM-1 in the respective species. We will be doing this
by direct DNA transfection or by using Lentivirus infection. Once
infected/transfected, the cells will be grown in selection medium for a few weeks
and positive cells will be used as stable cell lines. These cells will then be injected
into mice (not with virus) to test their tumorigenic potential in NUDE or wild-type
mice as per our animal protocol. These are replication defective viruses and should
not be sheding virus. We will not introduce any virus into any animals.



Western University

BIOLOGICAL AGENTS REGISTRY FORM

Approved Biohazards Subcommittee: April 13, 2012
Biosafety Website: www.uwo.ca/humanresources/biosafety/

4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modifications be made to the microorganisms, biological agents, or cells described in Sections

1.0 and 2.0? X] YES [ ] NO If NO, please proceed to Section 5.0
4.2 Will genetic modification(s) involving plasmids be done? [X] YES, complete table below [ INO
Bacteria | Plasmid(s) | Source | Gene Will there be a | Will there be | What are the | If plasmids
Used for | ** of Transformed | change due to | a change in consequences | are being
Cloning Plasmid | or transformation | the due to the used to
* Transfected | of the pathogenicity | transformation | transfect cells
cteria? of the of the what is the
bacteria after | bacteria? consequence
the genetic on the
modification? eukaryotic
cells?
DHSa peDNA3 TIM-1 not
transforming

* Please attach a Material Safety Data Sheet or equivalent if available.
*% Please attach a plasmid map.
***No Material Safety Data Sheet is required for the following strains of E. coli:
http://www.uwo.ca/humanresources/docandform/docs/ohs/CFIA Ecoli list.pdf

4.3 Will genetic modification(s) of bacteria and/or cells involving viral vectors be made?

IX] YES, complete table below [ INO
Virus/Plasmid Vector(s) * Source of Gene(s) Describe the change
Used for Vector Vector/Plasmid Transduced/ that results from
Construction Transfected transduction/transfection
peDH ADDGENE TIM-1 Not transforming
Proprietory Santa Cruz
vector from Biotech
Santa Cruz

* Please attach a Material Safety Data Sheet or equivalent.

4.3.1 Will virus be replication defective?

4.3.2 Will virus be infectious to humans or animals?

4.3.3 Will this be expected to increase the containment level required? []YES

YES [JNO
[]YES NO
X NO

5.0 Will genetic sequences from the following be involved?

HIV

E1A oncogene

® & & & o o

Known oncogenes

[ ]NO [X] YES, specify
HTLV 1 or 2 or genes [X] NO [_] YES, specify
SV 40 Large T antigen

X
X

[X] NO [] YES, specify
Other human or animal pathogen and or their toxins D NO [ ] YES, specify

NO[ ] YES
NO [ ] YES

Page 1 of 2




5.1 s any work being conducted with prions or prion sequences? X NO[ ] YES

Additional Comments:  Animals will be injected with cells transduced with Virus after culture and
selection, no virus replication should occur

8.0 Animal Experiments

8.1 Will live animals be used? YES [ ]NO 1f NO, please proceed to section 9.0
8.2 List animal species to be used: MOUSE

8.3 AUS protocol number(s): 2010-230

8.4 List the location(s) for the animal experimentation and housing: Health Sciences

8.5 Will any of the agents listed in Sections 1-7 be used in live animals
X] NO [ ] YES, specify:

8.6 Will the agent(s) be shed by the animal:
[(JYES DX NO, please justify:

8.7 Indicate the PHAC or CFIA containment levelused: []1 [12 K2+ []3
9.0 Use of Animal species with Zoonotic Hazards

9.1 Will any animals with zoonotic hazards or their organs, tissues, lavages or other body fluids including blood
be used (see list below)? [ ] YES X] NO - If NO, please proceed to section 10.0

9.2 Will live animals be used? [ J]YES [ |NO

9.3 If YES, please specify the animal(s) used:

¢ Pound source dogs (] YES [ INO
¢ Pound source cats [ ]YES [ ]NO
¢ Cattle, sheep orgoats [ ] YES, species [ JNO
¢ Non-human primates [ | YES, species INO
¢ Wild caught animals [ ] YES, species & colony # [(INO
¢+ Birds [_] YES, species [ INO
¢ Amphibians [ ] YES, species [INO
¢ Others (wild or domestic) [_] YES, specify [ INO

9.4 If no live animals are used, please specify the source of the specimens:

Page 2 of 2



Addgene - pCMV delta 8.2 Plasmid Data

€ yaddgene

A betler way 1o share plasmids

Browse > Didier Treng > Trone {ab Packaoing and Envelg. .

> pCMV delta R8.2

Plasmid 12263: pCMV delta R8.2

Genefinsert name:
Vector backbone:

Vector type:

Vector type:

Backbone size w/o insert:
5' sequencing primer;
Bacterial resistance(s)
Growth strain(s)

Growth temperature (°C):
High or low copy:
Sequence:
Supplemental document:
Principal Investigator:
Terms and Licenses:

Comments: Packaging plasmid.

HIV-1 GAG/POL, Tat and Rev
pCMVR8.2

Mammalian Expression, Lentiviral
Packaging

8128

Ampicillin

DHb5alpha

37

High Copy

View sequencss (2)

Rigest Plasmid 12263 (application/pdf)
Didier Trono

MTA

12-05-29 2:43 PM

Please note that the full sequence for this plasmid is approximated and net fully verified. Please visit the Trono lab hith.ffrongiab eptl.oh for
cloning strategies, protocols, publications, and more. See LentiWeb hiib: www lentiwed.com for discussion on cloning strategies and protocols.

Addgene has sequenced a portion of this plasmid for verification. Click herg tor the sequencing result.

NS
SVAR MLS
SWA0 T splice

SW40_imt

Stut (11673)
SV40_enhancer
Sddlnto ¥ oprimer
SWv40_origin
BY40_oromole
i

X Al
pBR322_origin

http:/fwww.addgene.org/12263/

CAG_enhancer

CMV_immesrny_promoler

CV_fwd_pritmer
CpCEP fwd prime
CLMOR primer

-CGMV__promoter
CMV 2 promoted
Bag, HV (vardani

Bell (25235)

Page 1 of 3



Addgene - pCMV delta R8.2 Plasmid Data

pCMV delta R8.2
13463 bp

Fspl (10059)

Arapicilin
AmpF__promoter

2t )
e Al ar prismer
Nhel (8821)

LR privet

Xbal (8561)

Feature Name
CMV_immearly_promoter
CAG_enhancer
CMV_fwd_primer
CMV_promoter
CMV2a_promoter
RCEP_fwd_primer
LNCX_ptimer

Gag_HIV {variant)

cPPT

RRE

HIV_Rev NES
cPPT

U3PPT
Sp6_primer

tet (300 - 563)
pBRrevBam_primer
pPGEX_3_primer
AmpR_promoter
Ampicillin
pBR322_origin
pBABE_3_primer
SV40_enhancer
SV40_promater
SV40_origin
Svd40pro_F_primer
SV40_int
SV40_3_splice
SVA0 NLS

NLS

ORF
ORF frame 1

http:/ /www.addgene.org/12263/

v B

U3PPT

cPPT

Xhel {7691}
HivV_Rev NES
BamH| {7269)
T e

Start
880

Start
27
106
560
561
573
604
606
880

4881
6563
7319
7863
7863
8600
8839
8910
9244
9425
9485
10510
11375
11814
11373
11540
11602
12823
12844
13019
13025

Sl (881)

" RRE

End
2388

End
603
393
580
630
692
623
6830
2388

4896
6796
7348
7878
7884
8583
9102
8891
9268
9453
10355
11129
11355
11361
11641
11617
11621
12838
12891
13039
13039

12-05-29 2:43 PM

Page 2 of 3



Addgene - pCMV delta R8.2 Plasmid Data 12-05-29 2:43 PM

ORF frame 3 2454 5192
ORF frame 1 5137 5715
ORF frame 2 6736 6233
ORF frame 3 6441 7589
ORF frame 1 7591 8211
ORF frame 3 9495 10355
ORF frame 3 11889 12347
ORF frame 2 12968 13441
Enzyme Name Cut

Bcll 2525
Sall 5881
BamH]| 7269
Xhol 7691
Xbal 8561
Nhel 8821
Fspl 10059
Stul 11673

Please acknowledge the principal investigator and cite this article if you use this plasmid in a publication. Alse, please include the text "Addgene
plasmid 12263" in your Materials and Methods section.

http:/ /www.addgene.org/12263/ Page 3 of 3



System Biosciences (SBI) User Manual

l. Introduction and Background

A. Purpose of this Manual

This manual provides information describing how to package lentivector expression
constructs in pseudoviral particles and use packaged expression constructs for
transduction of target cells. Specifically, it provides critical instructions on how to
package an HIV-based or FlV-based Lentivector Expression construct in VSV-G
pseudotyped viral particles by co-transfecting 293TN Producer Cells with a Lentivector
Expression construct and the pPACKH1™ (for HIV-based constructs) or pPACKF1™
(for FIV-based constructs) Packaging Plasmid Mix. Recommendations are also
provided for selection and use of HIV-based and FlV-based lentivector systems for
transducing a wide range of target cells.

This manual does not include information about construction of expression constructs in
lentiviral expression vectors. Information on making constructs using these vectors is
available in the user manuals for each of SBl's Lentivector Cloning and Expression
Vectors. User manuals, which are provided with each of the Lentivector products, can
also be accessed on the SBI website (http://www.systembio.com). Before using the
reagents and material supplied with this product, please read the entire user manual.

B. Lentivj Xpre

Lentiviral expression vectors are the/ most effective vehicles for transducing and stably
| expressing different—effector molecules (SIRNA, cDNA, DNA fragments, antisense,
ribozymes, etc.) or reporter constructs in almost any mammalian cell,including non-
dividing cells and whole model organisms (Cann, 2000). As with standard plasmid
vectors, it is possible to introduce lentiviral constructs in plasmid form into the cells with
low-to-medium efficiency and get transient expression of effectors (reporters) using
conventional transfection protocols. By packaging the lentiviral expression construct into
pseudoviral particles, you can obtain highly efficient transduction {up to 100%), even
with the most difficult to transfect cells, such as primary, stem, and differentiated cells.

The expression construct transduced in cells is integrated into genomic DNA and
provides stable, long-term expression of siRNA, cDNA or reporter gene. Endogenously
expressed siRNA effectors provide long-term silencing of the target gene and allow the
researcher to generate cell lines and transgenic organisms with a stable knockdown
phenotype for functional studies. Expression of full-length cDNAs from integrated viral
constructs is a unique tool to study gain-of-function effect for cellular phenotypes. Stably
integrated transcriptional reporter constructs are a novel approach to the study of
transcriptional regulation in the natural chromosomal environment and the monitoring of
specific signaling pathways. Moreover, lentiviral delivery does not produce the non-

Page 2 ver. 071510 www.systembio.com



System Biosciences (SBI) User Manual

Hybrid RSV-5'LTR For HIV-based vectors. Provides a high level of
promoter exprassion of full-length pseudoviral constructs in
293 producer cells.

Hybrid CMV-5'LTR For FIV-based vectors. Provides a high level of
promoter expression of full-length pseudoviral constructs in
293 producer cells

cPPT, GAG, LTRs Genetic elements necessary for the packaging,
transduction, and stable integration of the viral
expression construct into genomic DNA

3SV40 origin Provides stable propagation of the lentiviral
plasmid in 293 producer cells.
pUC origin Ensures high copy replication and maintenance of

the plasmid in E.coli cells

Ampicillin resistance | Used for selection in £. coli cells.

WPRE element Enhances stabilty and translation of the
lentivector-driven transcripts

SV40 polyadenylation | Enables efficient termination of transcription and
| signal processing of recombinant transcripts.

SBI offers a variety of promoter and reporter options, including GFP, RFP, Puromycin,
Hygromycin, Neomycin and Zeocin selection, as well as inducible expression vectors. All
3BI lentivectors contain viral stability elements, such as ¢PPT, WPRE and RRE sequences,
for enhanced packaging and infection efficiency.

Single Promater Formats Duat Promater Formats

Provagter

j Fromorer Vi RE Optins
Opticns ; X\
pcDH-MCs B ; L.
TZA o1 IRES ! :""‘/ on |
. . LS
¥ow 1ACS W A
ok, p ;:’ 128 or IRES . Ry
Matker Marker
Optioans Cptioms
Prometer I arker Multiple
OprIn GOptions Cloning Shes
L Puro
EF 1 sipha LR RER
PGK i R
m.__......_.._bccv Faa RFP+PI0
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| Modification Form for Permit BIO-UWO-0256

Permit Holder: Lakshman Gunaratnam

Approved Personnel Additional Personnel

(Please stroke out any personnel to be removed) (Please list additional personnel here)
Rushi Ghandi
Phoebe Zhong
April Huang

Sahra Nathoo
Ola Ismail

Xinghong Xhang

Please stroke out any approved Write additional Biological Agent(s)
Biological Agent(s) to be removed for approval below. Give the full
name

Approved E.coli, Lentivirus

Microorganisms

Approved Prima Mouse[primary] kidney, spleen, blood, bone

p(:)E blished (l’:y" marrow. Human[established]786-0, 769-P, ¢ (] _2 e . w i
and Established Cells HEK293, HEK293T/17, Jurkat, HK-2

Rodent[established] JAWSII, mIMCD-3, CMT-
93, DC. 2.4. Porcine [established]LLC-PK1,

Approved Use of
Human Source

Material
Approved Genetic [plasmids]: pcDNA3. [vectors]: pLUX-puro
& . opriet

Modifications RIRpIIRLOR

(Plasmids/Vectors)

Approved Use Musculus

of Animals

Approved Biological C3 Exotoxin, Phalloidin, SB202190, (S)-(+)- o

ll[l. g Camptothecin, GM6001, Gemcitabine, PGKO v u ko N

Toxin(s) Tunicamycin, cylcoheximide, MG132, ALLN, ’ f‘l _
Y27632, Dithiotheitol, Bafilomyun, Pharbol- ! Fir r’){ a N
12, TAPI-O OX i

Approved Gene
Therapy

Tuesday, January 17, 2012 Page I of 2



COPLEASE ATUACH A4 MATERIAL SAVETY DATASHEET OR EQUIVALENT FOR NEW BIOHAZARDS.
FEPLEASE ATTACH A BRIFF DESCRIPTION OF FIHE WORK THAT EXPLAINS THE RIOFAZARDS USED AND HOW THEY WILE BE
NSTORED, USED AND DISPOSED GF..

As the principal investigator, I have ensured that all of the personnel named on the form have been
trained. I will ensure that this project will follow the Western Biosafety Guidelines and Procedures
Manual for Containment Level 1 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects). I will ensure that UWO faculty, staff and students working in my laboratory have an up-to-
date Hazard Communication Form, found at http://wwy.wph.uwo.ca.

T 1 201

Signature of Permit Holder: -
o e 57 Vv

Current Classification: 2+ - Containment Level for Added Biohazards:

Date of Last Biohazardous Agents Registry Form: Jun 29, 2010

Date of Last Modification (if applicable): Ny N 74 2O\
A= P ) el RN

BioSafety Officer(s): | ]M jM\zQ—cv! b “‘01 2.7

Chair, Biohazards Subcommittee: /_/%///&y Date: /7@ B -

Doﬁﬂn reriin Ly St = b 18 ND)Z/\D meg,g,), DMJ{

Moy ~ fwﬁt\&:\b* AO/‘*M X O WA
Loy jhav—s%{ﬁ -IOML\_‘_
Sis=
me\{tﬁhi "1,0 SO C.:’»P)f Py<3 M—*M’-b
Mop sty DMG

o Snwots Saahuk o |

Syww\

Friday, August 06, 2010 Page 2 of 2



ATCC: Catalog Search

ATCC“ g THE SSSEXTIALS OF LIFE SCIENCE RESEARTH
i - * O

AYCC Advanced Catalog Search » Product Details

Product Description

Before submitting an order you

instiution

Cust in Europe, Aus

pricing informabion

Cell Biology

ATCC® Number:

Designations:
Depositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:

Organism:

Morphology:

Source:

Permits/Forms:

Applications:

Tumorigenic:
Antigen Expression:

Comments:

CRL-2638™  { Order this Item )

CT26.WT
N Restifo
1

frozen

See Propagation

adherent

Mus musculus deposited as mouse

fibroblast

Qrgan: colon
Strain: BALB/c
Disease: carcinoma

In addition to the MTA mentioned above, other ATCC and/er regulatory
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC material is ultimately responsible for obtaining the
permits. Please click here for information regarding the specific
requirements for shipment to your location.

CT26 is an N-nitroso-N-methylurethane-(NNMU) induced, undifferentiated
colon carcinoma cell line.

The cell line can be used with CT26.CL25 (ATCC CRL-2639) as a model
for testing immunotherapy protocels and in studies on the host immune
response.

Yes

H-2d [53315]

CT26 is an N-nitroso-N-methylurethane-(NNMU) induced, undifferentiated
colon carcinoma cell line. It was cloned to generate the cell line designated
CT26.WT (ATCC CRL-2638).

CT26WT was stably transduced with the retroviral vector LXSN that
contains the lacZ gene encoding the model tumor associated antigen
(TAA), beta-galactosidase (beta-gal) to obtain the lethal subclone
CT26.CL25 (ATCC CRL-2639).

The growth rate and lethality of CT26.CL25 and CT26.WT is virtually
identical despite the expression by CT26.CL25 of the model TAA, beta-
galactosidase, in normal mice.

The cell line can be used with CT26.CL25 (ATCC CRL-2639) as a model

fnr testina immuinntharany nrntarnale and in etiidiae An tha hact imminme

Price:

12-01-17 10:30 AM

wilt be askeo 1o read and accept the lerms and condtions of ATCC's Material Transfer Agreement or in ceriain cases, an MTA spacfied by the depositing

Print this Page

$329.00

Related Links

b

NCBI Entrez Search
Make a Deposit

Frequently Asked Questions

Material Transfer Agreement

Technical Support

Related Cell Culture Products

Login Required

4

Product Information Sheet

http://www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid /452/Default.aspx?ATCCNum =CRL-2638&Template=cellBiology

Page 1 of 2



ATCC: Catalog Search 12-01-17 10:30 AM

St vemeen gy e m i ime ) [eemam mmem mitm aer mamrma e = war aaw tewoer ebaaeiiw

response.

A culture submitted to the ATCC in July of 2001 was found to be
contaminated with mycoplasma. Progeny were cured by a 21-day
treatment with BM Cycline.

The celts were assayed for mycoplasma, by the Hoechst stain, PCR and
the standard culture test, after a six-week period fotlowing treatment. All
tests were negative.

Propagation: ATCC complete growth medium: The base medium for this cell line is
ATCC-formulated RPM!-1640 Medium, Catalog No. 30-2001. To make the
complete growth medium, add the following components to the base
mediurn; fetal bovine serum to a final concentration of 10%.

Atmosphere: air, 95%; carbon dioxide (C02), 5%
Temperature: 37.0°C

Subculturing: Protocol:

1. Remove and discard culture mediunt.

2. Briefly rinse the cell Jayer with 0.25% (w/v) Trypsin- 0.53 mM EDTA
solution to remove all traces of serum that contains trypsin inhibitor.

3. Add 2.0 to 3.0 ml of Tirypsin-EDTA selution to flask and observe
cells under an inverted microscope until cell layer is dispersed
{usually within 5 to 15 minutes).
Note: To avoid clumping do not agitate the cells by hilting or
shaking the flask while waiting for the cells fo detach. Cells that are
difficult to detach may be placed at 37°C to facilitate dispersal.

4. Add 6.0 to 8.0 mt of complete growth medium and aspirate cells by
gently pipetting.

5. Add appropriate aliquots of the cell suspension to new culture
vessels,

6. Incubate cultures at 37°C.

Suhcuitivation Ratio: A subcultivation ratio of 1:4 to 1:10 is recommended
Medium Renewal: Every 2 to 3 days

Presarvation: Freeze medium: Complete growth medium supplemented with 5% (viv)
DMSC
Storage temperature: liquid nitrogen vapor phase

Related Products: Recommended medium (without the additional supplements ar serum
described under ATCC Medium):ATCC 30-2C01
recommended serum:ATCC 20-2020
derivative: ATCC CRL-2639

References: 53315: Wang M, et al. Active immunotherapy of cancer with a
nonreplicating recombinant fowlpox virus encoding a model tumor-
associated antigen. J. Immunol. 154: 4685-4692, 1995. PubMed: 7722321

Return to Top

ATCC pesductz are nlended for [2boratory research purposes ohly, uniess notes othersige They Zre not intended for 482 In hemans

White ATCO uves
werature and pab

Feonabig eRorts o molud

accurste and Us-to-nate

bourposes oniy. AT

information on this ste, ATCO makes no warrantes or representatons as to e scouraey. Cilations from solentific
&5 NoT wakant that sich nfarmatlicn has i cenfirmed o be acoutate,

sni are subject @ changs without notice. A discount off the surrent st price will be appired to most clitures for nonproit smsttuttons It ine United Steles
soeg o flases will carry an soditonal lnborstony fee s for pennite. shipping, and hancling may agply,

Back to my Search

http:/ /www.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails/tabid /45 2/ Default.aspx?ATCCNum =CRL-2638&Template=cellBiology Page 2 of 2



TOXIN USE RISK ASSESSMENT

Name of Toxin: D.OXQrubici'n_ . _':7." 0

Proposed Use Dose: ! 200pg 5 o

Proposed Storage Dose: | 10%0”9 7: o

LD 4, (species): 698000|ngkg Sl

Calculation:
698000 pg/kg X 50 kg/person

Dose per person based on LD 5, in pg = 34900000

LDs, per person with safety factor of 10 based on LD;, in pg = 3490000

Comments/Recommendations: No LD50 data found.




TOXIN USE RISK ASSESSMENT

Name of Toxin: Oxaliplatin
Proposed Use Dose: 50 pg
Proposed Storage Dose: 5000 pg
LD 5, (species): 14300 ug
Calculation:
14300 pg/kg X 50 kg/person

Dose per person based on LD 55 in pg =

715000

LDs, per person with safety factor of 10 based on LDs; in pug =

71500

Comments/Recommendations:




Hooni g

Reactivity 0

Personal E
Protection

Material Safety Data Sheet
Doxorubicin hydrochloride MSDS

Section 1: Chemical Product and Company ldentification

Product Name: Doxorubicin hydrochloride Contact Information:

Catalog Codes: SLD2740 Sciencelab.com, Inc.
14025 Smith Rd.

CAS#: 25316-40-9 Houston, Texas 77396

RTECS: Q19295900 US Sales: 1-800-901-7247

International Sales: 1-281-441-4400
Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
Synonym: 10-[(3)-Amino-2,3,6-trideoxy-alpha-L-lyxo- 1-800-424-9300
hexopyranosyljoxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-8- ]
(hydroxyacetyl)-1-methoxy-5,12-naphthacenedione (8S- International CHEMTREC, call: 1-703-527-3887

cis)hydrochloride For non-emergency assistance, call: 1-281-441-4400
Chemical Name: Not available.

Chemical Formula: C27H30CINO11

TSCA: TSCA 8(b) inventory: No products were found.
Cl#: Not available.

Section 2: Composition and Information on Ingredients

Composition:
" Name o CAS # | % by Weight
Doxorubicin hydrochloride 25316-40-9 100

Toxicological Data on Ingredients: Doxorubicin hydrochloride: ORAL (LD50): Acute: 698 mg/kg [Mouse].

Section 3: Hazards Identification

Potential Acute Health Effects:

Very hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation (lung sensitizer). Hazardous
in case of inhalation (lung irritant). Slightly hazardous in case of skin contact (corrosive, permeator). Inflammation of the

eye is characterized by redness, watering, and itching. Skin inflammation is characterized by itching, scaling, reddening, or,
occasionally, blistering.

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: Classified 2 (Reasonably anticipated.) by NTP. 3 (Not classifiable for human.) by IARC.
MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not
available. Repeated or prolonged exposure is not known to aggravate medical condition.

Section 4: First Aid Measures




Eye Contact:
Check for and remove any contact lenses. Immediately flush eyes with running water for at least 15 minutes, keeping eyelids
open. Cold water may be used. Do not use an eye ointment. Seek medical attention.

Skin Contact:

After contact with skin, wash immediately with plenty of water. Gently and thoroughly wash the contaminated skin with running
water and non-abrasive soap. Be particularly careful to clean folds, crevices, creases and groin. Cold water may be used.
Cover the irritated skin with an emollient. If irritation persists, seek medical attention. Wash contaminated clothing before
reusing.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.

Inhalation: Allow the victim to rest in a well ventilated area. Seek immediate medical attention.
Serious Inhalation: Not available.

Ingestion:

Do not induce vomiting. Examine the lips and mouth to ascertain whether the tissues are damaged, a possible indication that
the toxic material was ingested; the absence of such signs, however, is not conclusive. Loosen tight clothing such as a callar,
tie, belt or waistband. If the victim is not breathing, petform mouth-to-mouth resuscitation. Seek immediate medical attention.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: Not available.

Flash Points: Not available.

Flammable Limits: Not available.

Products of Combustion: These products are carbon oxides (CO, C0O2), nitrogen oxides (NQ, NO2...), halogenated
compounds.

Fire Hazards in Presence of Various Substances: Not available.

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.

Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.

Special Remarks on Fire Hazards: Not available.

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority reguirements.

Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on the
contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage
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Precautions:

Keep container dry, Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk, evaporate
the residue under a fume hood. Ground all equipment containing material. Do not ingest. Do not breathe dust. Never add
water to this product In case of insufficient ventilation, wear suitable respiratary eguipment If ingested, seek medical advice
immediately and show the container or the label. Avoid contact with skin and eyes

Storage:
Keep container dry. Keep in a cool place. Ground all equipment containing material. Carcinogenic, teratogenic ar mutagenic
materials should be stored in a separate locked safety storage cabinet or room.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:

Use process enclosures, local exhaust ventilation, or ather engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to kesp exposure to aitborne contaminants
below the exposure limit.

Personal Protection:
Splash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spill:

Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits: Not available.

Section 9: Physical and Chemical Properties

Physical state and appearance: Solid. (Solid crystalline powder.)
Odor: Not available.

Taste: Not available.

Molecular Weight: 579.99 g/mole

Color: Yellow to red.

pH (1% soln/water): Not available.

Boiling Point: Not available.

Melting Point: Decomposes. (204.5°C or 400.1°F)
Critical Temperature: Not available.

Specific Gravity: Not available.

Vapor Pressure: Not applicable.

Vapor Density: Not available.

Volatility: Not available.

Qdor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

lonicity (in Water): Not available,

Dispersion Properties: See solubility in water.

Sclubility: Soluble in cold water.




Section 10: Stability and Reactivity Data -

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Not available.

Incompatibility with various substances: Not available.
Corrosivity: Non-corrosive in presence of glass.

Special Remarks on Reactivity: Not available.

Speclal Remarks on Corrosivity: Not available.
Polymerization: No.

Section 11: Toxicological Information

Routes of Entry: Eye contact. Inhalation. Ingestion.
Toxicity to Animals: Acute oral toxicity (LD50): 698 mg/kg [Mouse].

Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified 2 (Reasonably anticipated.) by NTP. 3 (Not classifiable for human.) by IARC.

Other Toxic Effects on Humans:
Very hazardous in case of skin contact (irritant), of ingestion, of inhalation {(lung sensitizer). Hazardous in case of inhalation
{lung irritant). Slightly hazardous in case of skin contact (corrosive, permeator).

Special Remarks on Toxicity to Animals: Not available.
Speciat Remarks on Chronic Effects on Humans: Risk of spontaneous abortion in animal,

Special Remarks on other Toxic Effects on Humans: Not available.

Section 12: Ecological'lhformation

Ecotoxicity: Not available.
BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more toxic.
Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:

Section 14: Transport Information

DOT Classification: Not a DOT controlled material {United States).
Identification: Not applicable.

Special Provisions for Transport: Not applicable.
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Section 15: Other Regulatory Information

Federal and State Regulations:
Pennsylvania RTK: Doxorubicin hydrochloride TSCA 8(b) inventory: No products were found.

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
Other Classifications:
WHMIS (Canada): CLASS D-2A: Material causing other toxic effects (VERY TOXIC).

DSCL (EEC):
R37/38- Irritating to respiratory system and skin. R41- Risk of serious damage to eyes. R42- May cause sensitization by
inhalation. R45- May cause cancer.

HMIS (U.S.A)):
Health Hazard: 2
Fire Hazard: 1
Reactivity: 0
Personal Protection: E
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 1
Reactivity: 0
Specific hazard:

Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Splash goggles.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.
Created: 10/11/2005 11:52 AM

Last Updated: 11/01/2010 12:00 PM

The information above is believed o be accurate and represents the best informalion currently available to us. However, we
make no warramty of merchantability or any other warranly, express or implied, with respect to such informalion, and we assume
no fiability resulting from its use. Users should make their own investigations to determine the suitability of the informalion for
their patticular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever atising, even if Sciencel ab.com
has been advised of the possibility of such damages.
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SIGMA-ALDRICH

o Sigma-aldrich. com

~ Material Safety Data Sheet

Version 4.5
Revision Date 04/07/2011
Print Date 10/27/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name

Product Number
Brand
Product Use

Supplier

Telephone
Fax

Emergency Phone # (For

Oxaliplatin

09512
Sigma

For laboratory research purposes.

Sigma-Aldrich Canada, Ltd
2149 Winston Park Drive
OAKVILLE ON L6H 6J8
CANADA

+1 9058299500

+1 9058299292
1-800-424-9300

both supplier and

manufacturer)

Preparation Information

Sigma-Aldrich Corporation

Product Safety - Americas Region

1-800-521-8956

Manufacturer

Sigma-Aldrich Corporation
3050 Spruce St.

St. Louis, Missouri 63103
USA

2. HAZARDS IDENTIFICATION

Emergency Overview

Target Organs

Liver injury may occur., Kidney, ears, Blood, Peripheral nervous system., Bone marrow, Testes., Female reproductive

system.

WHMIS Classification

D2B

Toxic Material Causing Other Toxic Effects

Moderate skin irritant

Moderate respiratory irritant
Moderate eye irritant
Skin sensitiser

GHS Classification

Skin irritation

(Category 2)

Eye irritation (Category 2A)

Skin sensitization (Category 1)

Carcinogenicity (Category 2)

Specific target organ toxicity - single exposure (Category 3)

GHS Label e

Pictogram

Signal word

lements, including precautionary statements

Warning

Hazard statement(s)

H315
H317
H319
H335
H351

Causes skin irritation.

May cause an allergic skin reaction.
Causes serious eye irritation.

May cause respiratory irritation.
Suspected of causing cancer.

Precautionary statement(s)

P261
Sigma - 09512

Avoid breathing dust/ fume/ gas/ mist/ vapours/ spray.
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P280 Wear protective gloves.
P305 + P351 + P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if
present and easy to do, Continue rinsing.

HMIS Classification

Health hazard: 2
Chronic Health Hazard: *
Flammahility: 0
Physical hazards: 0
Potential Health Effects
Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye irritation.
Ingestion May be harmful if swallowed.

3. COMPOSITICN/INFORMATION ON INGREDIENTS

Synonyms : [SP4-2-{1R-trans)]-{1,2-Cyclohexanediamine-N,N")[ethanedicata(2--)-O,0Tplatinum
Formula ; C8H14N204Pt C8H14N204Pt

Molecular Weight © 397.29 g/mol

CAS-No. | EC-No. [ Index-No. | Concentration

Oxaliplatin

61825-94-3 { - [ - [-

4. FIRST AID MEASURES
General advice
Consult a physician. Show this safety data sheet to the doctor in attendance. Move out of dangerous area.

If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration. Consult a physician.

In case of skin contact
Wash off with scap and plenty of water. Consult a physician.

In case of eye contact
Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

Conditions of flammability
Not flammabte or combustible.

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear seif contained breathing apparatus for fire fighting if necessary.

Hazardous combustion products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx)

Explosion data - sensitivity to mechanical impact
no data available

Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Sigma - 08512 Page 2 of 6



Personal precautions
Use personal protective equipment. Avaid dust formation. Avoid breathing vapors, mist or gas. Ensure adequate
ventilation. Evacuate personnel to safe areas. Avoid breathing dust.

Environmental precautions
Prevent further leakage or spillage if safe to do so. Do not let product enter drains.

Methods and materials for containment and cleaning up
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in suitable, closed containers for
disposal.

7. HANDLING AND STORAGE

Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated placs.

Recommended storage temperature: 2 - 8 °C

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substances with occupational exposure limit values.
Personal protective equipment

Resplratory protection

Where risk assessment shows air-purifying respirators are appropriate use a full-face particle respirator type N100
(US) or type P3 (EN 143) respirator cartridges as a backup to engineering controls. If the respirator is the sole
means of protection, use a full-face supplied air respirator. Use respirators and components tested and approved
under appropriate government standards such as NIOSH (US}) or CEN (EU).

Hand protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without touching
glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratery practices. Wash and dry hands.

Eye protection
Face shield and safety glasses Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU).

Skin and body protection
Complete suit protecting against chemicals, The type of protective equipment must be selected according to the
concentration and amount of the dangerous substance at the specific workplace.

Hygiene measures
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end of
workday.

Specific engineering controls
Use mechanical exhaust or laboratory fumshood to avoid exposure.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form solid
Colour no data available
Safety data
pH no data available
Melting no data available

pointffreezing point

Sigma - 08512 Page 3 of 6



Beiling paint
Flash point
tgnition temperature

Autoignition
temperature

Lower explosion fimit
Upper explosion limit
Vapour pressure
Density

Water solubility

Partition coefficient:
n-octanol/water

Relative vapour
density

Odour
Odour Threshold

Evaporation rate

no data available
no data available
no data available

no data available

na data available
no data available
no data available
no data available
no data available

no data available

no data available

no data available
no data available

no data availabte

10. STABILITY AND REACTIVITY

Chemical stability
Stable under recommended storage conditions.

Possibility of hazardous reactions
no data available

Conditions to avoid
no data available

Materials to avoid
Oxidizing agents

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, hitrogen oxides (NOx)
Other decomposition products - no data available

11. TOXICOLOGICAL INFORMATION
Acute toxicity

Oral LD50
Inhalation LC50
Dermal LD50
no data available

Other information on acute toxicity
LD50 Intraperitoneal - rat - 14.3 mg/kg

L D50 Intraperitoneal - mouse - 19.8 mg/kg

Skin corrosionfirritation
no data available

Sericus eye damage/eye irritation
no data available

Respiratory or skin sensitization
May cause allergic skin reaction.

Germ cell mutagenicity

Sigma - 09512 Page 4 of B



no data available

Carcinogenicity

This product is or contains a component that is not classifiable as to its carcinogenicity based on its JARC, ACGIH, NTP,
or EPA classification.

Limited evidence of carcinogenicity in animal studies

IARC: No compaonent of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinegen or potential carcinogen by ACGIH.

Reproductive toxicity

ne data available

Teratogenicity

no data available

Specific target organ toxicity - single exposure (Glekally Harmonized System)
Inhalation - May cause respiratary irritation.

Specific target organ toxicity - repeated exposure {Globally Harmonized System)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalatien May be harmful if inhaled. Causes respiratory tract irritation.
Ingestion May be harmful if swallowed.

Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye irritation.

Signs and Symptoms of Exposure
bone marrow depression, Liver injury may occur.

Synergistic effects
no data available

Additional Information
RTECS: TP2275850

12. ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and degradability
no data available
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Bioaccumulative potential
no data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available

13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable solutions to a licensed disposal company. Contact a licensed professional waste

disposal service to dispose of this material.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION
DOT (US)
Not dangerous goods

IMDG
Not dangerous goods

IATA
Not dangerous goods

15. REGULATORY INFORMATION

WHMIS Classification
D2B Toxic Material Causing Other Toxic Effects Moderate skin irritant
Mederate respiratory irritant
Moderate eye irritant
Skin sensitiser

This praduct has been classified in accordance with the hazard criteria of the Contrelled Products Regulations and the
MSDS contains all the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Further information

Copyright 2011 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.

The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product. See reverse side of invoice or packing slip for additional terms and conditions of sale.
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Approved Personnel

Additional Personnel

(Please stroke out any personnel to be removed) (Please list additional personnel here)

% Ola Ismail

*,SG“\’\,TD-& D\}th!\oo

Xinghong Xhang I ATITEN ([\ P g ‘) Hoc e ey

Approved
Microorganisms

Approved Primary
and Established Cells

Approved Use of
Human Source
Material

Approved Genetic
Modifications
(Plasmids/Vectors)

Approved Use of
Animals

Approved Biological
Toxin(s)

Friday, August 06, 2010

A Dup voomand fom P, et wedd these

Pheoecbe  Zhon

Please stroke out any approved Werite additional Biochazards for
Biohazards to be removed below approval below. Give the full name
- do not abbreviate.

E.coli, Lentivirus

Mouse([primary] kidney, spleen, blood, bone
marrow, Human([established]786-0, 769-P,
HEK293, HEK293T/17, Jurkat, HK-2
Rodent[established] JAWSII, mIMCD-3, CMT-
93 Porcine [established]LLC-PK1, canine

[plasmids]: pcDNA3. [vectors]: pLUX-puro
proprietory

Musculus

C3 Exotoxin, Phalloidin

Page 1 of 2
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Froisd o0 o006 0 30y TR0 SEFRTY DATA SHEFTOR EQGCIVALENFFOR MUY BUNLIZ AR
[ RV N AR TIRLSCRIPTION (O TRE WORK FHAT EXPLAINS THE BIOVGLARNS T30 o ey Sy L h B

N2 LAY I Y A A A N N S I

As the principal investigator, 1 have ensured that all of the personnel named on the form have been
trained. I will ensure that this project will follow the Western Biosafety Guidelines and Procedures
Manual for Containment Level 1 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects), 1 will ensure that UWO faculty, staff and students working in my laboratory have an up-to-
date Hazard Communication Form, found at http://wyw.wph.uwo.ca.

Pron, LF, e il

Signature of Permit Holder:

=t 4
Current Classification: 2+ Containment Level for Added Biohazards:

Date of Last Biohazardous Agents Registry Form: Jun 29, 2010

Date of Last Modification (if applicable):

BioSafety Officer(s): [\){0 1! / i Ql ’ﬂ\/l\.Qwa’f‘

vV
Chair, Biochazards Subcommittee: M///% Date: 24/%’!! Jﬂf/
7 / - : RAAL

Friday, August 06, 2010 Puage 2 of 2



Dr. Lakshman Gunaratnam BIO-UWO0-0256
Proposed Changes as of Aug 25, 2011

Proposed use of agents:

Gemcitabine: Induction of apoptosis in vitro and in vivo in AB1-HA-GR/AB1-HA cells

Tunicamycin: Induction of ER stress in cells; LD50: >0.4mg/kg; single use 5
micrograms; storage 5mg

Cycloheximide: Used to inhibit protein translation in cells; LD50 2mg/kg; single use
100 micrograms ; storage 1 gram

MG132: Inhibition of proteasome in cells’ LD50 N/A; single use 1 microgram;
storage 1 milligram

ALLN: Inhibition of proteasome in cells; LD50 N/A; single use 5 micrograms; storage
5 milligrams

Y27632: Highly potent, cell permeable, selective and ATP competitive inhibitor of
ROCK1 and ROCK2 (IC5,=800nM). Used to inhibit Rho Kinase in cells in vitro; LD50

N/A; single use 1 microgram; storage 1mg.

Dithiotheitol (DTT): Ruducing agent in lysis buffers; LD50 400mg/kg; single use 1
microgram; storage 5 grams

Bafilomycin A1l: Inhibition of lysosomal function in cells; LD50 N/A; single use 1
microgram; storage 100 micrograms

Phorbol-12-myristate-13-acetate (PMA): trigger ectodomain cleavage of proteins
via MMP; LD50 N/A; sing le use 0.1-1 microgram; storage 1 milligram

TAPI-O: trigger ectodomain cleavage of proteins via MMP; LD50 N/A; single use 1
microgram; storage 1 milligram

Proposed use of cell lines:

PC-3: Human Prostate cancer cell line used for testing KIM-1 phosphorylation in cell
culture only.



OT-I: T cell receptor transgenic T cell line used for testing cross-presentation in cell
culture. These cells are derived from the OT-I T cell receptor transgenic mice
(primary T cells). (see attached paper)

OT-II: T cell receptor transgenic T cell line used for testing cross-presentation in cell

culture. These cells are derived from the OT-II T cell receptor transgenic mice
(primary T cells).

All of the following cell lines will be used to establish in vivo tumours in mice (sub-
cutaneous or intraperitoneal) and will be used in cell culture models to test antigen
cross-presentation in the lab.

AB1-HA-GR: Gemcitabine-resistant mesothelioma cell line

AB1-HA: Gemcitabine-sesitive mesothelioma cell line

B16-Ova: Mouse melanoma cell line

B16-Ova-Bims: Mouse melanoma cell line modified to overexpress Bim
B16-Ova-FADD-DD: Mouse melanoma cell line modified to overexpress FADD

EL4: Mouse lymphoma cell line

EL4-Ova: Mouse lymphoma cell line overexpressing OVA antigen



AB1 - AB1

08-251:22 PM
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Product Group: AB1
AB1

Endocrine System ¢

tmmune Systom Mouse malignant mesothelioma cell line

Integumentary Sy

Lymphatic Syslem ¢

Muscular- Skeleta

Nervous Sysien Cx

Basic Information Price Category DD Catalogue number CBAO144
Other names Origin Mice (BALB/c strain, female, 6-8 weeks old)
were exposed to crocidolite asbestos through intraperitoneal
injection, resulting in tumour development. Cultures were
established from malignant mesothelial cells obtained [rom ascites
fluid. Features Cells are tumourigenic in syngeneic
immunocompetent mice. Species Mouse Tissue Mesothelium
Morphology Most cells are epithelial-like. AB12 and AB22 are
stellate-shaped, while AB1 appears [ibroblast-like but shows a
typical epithelial “cobblestone™ appearance when confluent.
el Disease Aesbestos induced mesothelioma Availability In stock -

biyhridomas please confirm with CellBank Australia
Tewweat Handling Information Risk group PC2 Known hazards GNO

e status N/A

Culture Information Preferred temperature 37 Preferred CO2 5
Preferred medium RPMI1640 + 5% I'CS Passaging Optimal split
ratio 1:8 Cryopreservation 10% DNSO + 90 FCS
References and Characteristics Markers Cells expressed Class-1,
but not Class-II, H2 antigens. Virtually all cell lines expressed H-
2Dd. Mutations Depositor Richard Lake - University of Western
Australia Initial publication Davis MR, Manning 1.S, Whitaker D,
Garlepp MJ, Robinson BW (1992) Establishment of a murine
model of malignant mesothelioma. Int J Cancer 52: 881-886.
Subsequent publications Cancer Immunol Immunother. 1994
Dec;39(6):347-59. Isogenic lines Species confirmation Confirmed
as Mouse STR profile Not Available

Primary Cell Lines

Reproductive Syste

Respiralory Sysler

STR Profiles

Quantity ‘"
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SITE MAP | DISCLAIMER | PRIVACY POLICY | COPYRIGHT Website and [

COHTACT US
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WI/Aﬁ)ptosis In Vivo Increases Tumor
Antigen Cross-Presentation, Cross-Priming Rather than
Cross-Tolerizing Host Tumor-Specific CD8 T Cells'

Induction of

Anmna K. Nowak,* Richard A.Lake* Amanda L. Marzo,”* Bernadette Scott,**
William R. Heath,” Edward J. Collins,* Jeffrey A. Frelinger,’ and Bruce W. 8. Robinson**

Cross-presentation of cell-bound Ags from established, solid tumors to CDS8 cells is efficient and likely to have a role in determining
host response to tumor. A number of investigators have predicted that when tumor Ags are derived from apoptotic cells either no
response, due to Ag “sequestration,” or CD8 cross-tolerance would ensue. Because the crucial issuc of whether this happens in vivo
has never been addressed, we induced apoptosis of established hemagglutinin (HA)-transfected AB1 tumors in BALB/c mice using
the apoptosis-inducing reagent gemcitabine. This shrank the tumor by ~80%. This induction of apoptosis increased cross-
presentation of HA to CDS cells yet neither gross deletion nor functional tolerance of HA-specific CD8 cells were observed, based
on tetramer analysis, proliferation of specific CD8 T cells, and in vivo CTL activity. Interestingly, apoptosis primed the host for
a strong antitumor response to a second, virus-generated HA-specific signal in that administration of an H.A-expressing virus after
gemeitabine administration markedly decreased tumor growth compared with viral administration without gemeitabine. Thus
tumor cell apoptosis in vive neither sequesters tumor Ags nor cross-tolerizes tumor-specific CD8 cells. This observation has
fundamental consequences for the development of tumor immunotherapy protocols and for understanding T cell reactivity to

tumors and the in vivo immune responses to apoplotic cells. The Journal of Immunology, 2003, 170: 4905--4913,

ntigens Irom peripheral tumor cells can enter the class I

pathway for presentation by host APCs to CD8 cells, a

process commonly known as “cross-presentation” (1-3).
Cross-presentation has been the focus of much research over the
past few years. It an extremely efficient process and because it
can induce cither wlerance or immunity to Ags expressed in nor-
mal tissues. 101s thonght to have a role in the maintenance of self
tolerance as well as the rapid clearance of viruses (2) although
the overall importance of cross-presentation in vive remains
uncertain (4}

It 1s unknown whether apoptotic or live cells are the source of
cross-presented Ag in normal tissues (1). It is essential to under-
stand the ¢lfects of apoptosis on wimor Ag cross-presentation in
vivo because such knowledge is crucial for understanding how a
host interacts with established tumors and, equally importantly,
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how the induction of apoptosis in tmor cells, e.g., by chemother-
apy, alters the efficiency of cross-presentation and the response of
tumor-specific T cells.

In vitro, Ags from apoptosing cells can be cross presented o
specific CD8 cells via dendritic cells (DCL)™ and, in some studies.
macrophages and B cells (5). Studies with APC< loaded with apo-
ptotic cells in vitro then injected into mice have produced quite
variable results, some demonstating wicrance (6—8) and others
priming of CD8 responses (91531 An in vive study of apoptosing
pancreatic islet cells demonstrated the development of tolerance
after cross-presentation of islet cell Ags (163, but no clear picture
is available of what is likely to occur w vivo when wmor cells
apoptose. However, what happens in vivo ts important. because the
outcome of cross-presentation ol Ags derived from tumor cells that
apoptose in vivo is likely to be crineat Tor developing effective
tumor immunotherapy approaches ( L7, {8). Therelore. it is crucial
to establish methods of evaluating the in vivo host response (o
tumor Ags that are cross-presented from cells made apoplotic in
vivo, and whether such a process induces wlerance or aetivation ol
responding CD8 cells.

Most of the data deseribing the relationship between cellular
apoptosis and T cell responses to Ags from such cells has been
generated in part or in whole by cross-presentation experiments
using in vitro systems, mostly undertaken w develop elfective im-
munotherapy protocols (19). Although these expenments have
provided important insights into APC phagocytic provesses, APC
subtypes, DC maturation pathways and the fate of mngested Ags.
they use artificially grown APCs tn @ non-lymph node (L.N) envi-
ronment. Such experiments are essential tor the devclopment of
adoptive DC immunotherapy protacols but they cannot be certain
to predict the fate of in vivo apoptosing cells and their elfect on

* Abbreviations used in this paper: DC. dendvite celt LN vmph nodes A, hem-
agglutinin: CLA. clone -5, DLN, draining LN, MIN mesenterie LN JINT, 098

(H}2 221 TR TH03502 (1)
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host immune responses. This may explain why in vitro studies
have produced varable results with regard 1w the capacity of apo-
ptotic cedls 10 be cross-presented by different host APCs.

To determine whether Ags cross-presented from tumor cells
which upoptose smovivo we sequestered from the host Ag presen-
tation pathways and/or induee Ag-specific tolerance, we estab-
lished o model using hemagghuinin (HA) Ag-transduced tumor
cells, in which apoptosis could be pharmacologicaily induced in
vivo using the Talse nucleotide spent, gemeitzbine, This agent is
ideal for studies of In vivo induction of apoptosis because it in-
duces cell deatly by apoplosis, is relatively nontoxic, can be used in
vivo, and s general eflieets on immune responses are well-de-
scrthed (2022

The data in our study demansirate that induction of tumor cell
apoposis 18 vivo not only does not sequester cell-associated Ags
but actually increwses wimor Ag cross-presemtation, leading to
priming rather than wilerance of wmoer-specific CD8 T cells,

Materials and Methods
Mice

BALRC (12" mice were obtiwined from the Animal Resources Center
(Perily, Australinn and naintained under standard conditions in the Depart-
ment of Medicine ammal holding area (University of Western Australia,
Pertl, Anstralia), Two lines of anti-HA TCR transgenic mice were used.
Clone 4 TCR transgenic mice (C14; Ref. 23) express a TCR recognizing
the dominant ¢lass lrestricted LY epitope. HNT TCR transgenic mice
express a vlass Thyostricted veceptor that recognizes the dominant class
[E-restricted B epitope (20 Al miice used in these studies were between
8 oand 12 wk ol age.

Cell lines

All cell Ty were pegularly tested and remained negative for Mycoplnsma
spp. The marine ABT wwvor well line is a class 17, class [17 tumorigenic
nmatignant mesothe homi cell line (25). Cell lines were maintained in RPMI
1640 {Invitegen, Ciglsbaed, CA) suppiemented with 20 mM HEPES, 0.05
M 2-MEC 00 Uhnd penicillin (CS1., Melbourne, Australia), 50 jig/ml
gentamicin {Duvid Bull Labs, Vieloria, Australia) and 3% FCS (Iavitro-
gen). AR cells were tnslected with the murine influenza HA gene as
previously described (AR 1-TIAL Rel. 26). Expression of HA was measured
by FACS analysis before use m cach experiment. Gemeitabine-resistant
ABI-HA {ABL-UA-GR 2503 was pgenerated by culturing cells in media
contuining progressively incrensing concentrations of gemcitabine (Eli
Litly. Indianapols, IN). At cach concentration, the cell line was passaged
undil growih cates were the swme a8 the untreated parent cell line betore
increasing the concenirasion of genwitabine. This cell line was grown and
passaged oo dinad concentration of 1.67 pgfil genwitabine. The 1Cs;, as
assessed by the colorimetric MTT assay was >800-fold that of the parent
celt dine. ABI-HACGR 250 maintuined equivalent expression of the
A Ag.

Experimenial protocol

AR -ITA or AT -ITA-GR250 lumor celis (1 X 10%) were inoculated s.c. on
one side of the ventrsl swrface in the lower flank region. Treatment com-
meneed 9 odavs later when o simatl palpables tomor was evident, ranging
frome 1-2 w1 divmeter, Mice were then injected ip. with 120 ug/g
gemcitubine overy thind diy for five doses, a regimen previously estab-
lished as w maxinnd toleeated dose for BALB/c mice (27). Control mice
receives PBS vehicle alone. Mo were weighed before each dose and the
dose way adjusied for mdividual mice. Tumor size was measured with
calipers three times weekly during the course of chemotherapy and sub-
sequently unil umer size reached 1 X 10 mm, at whicl point mice
were cutled

Adopiive transter of ransgenic vmphocyies

Adaopiive transler of ransgenic lymphocytes was used {o monitor changes
in tumor-specific CN% cell numbers in tomors by tetramer staining, lym-
phacyte prodiferation assays. and clunges in levels of in vivo CTL activity.
Bricliy. single cell suspensions of TCR transgenic lymphocytes were pre-
pared from BALBCYINT and BALB% CLA mice. CD4 lymphocyles weee
added to maintain CTL activity over the experimental time course {17).
LNs werz donated by v, njection 1 day before the fiest Ireatment dose.
Cells were washed thiee tnses in PBS and counted by trypan blue ¢xclu-

sion after the third wash. Mice were wanmeid witl g hest Lurp and then
briefly cestrained for iv. injection. Cells tf = i07) of zach »f AINT umd
CL4 lymphocyles were injected i 200 nl

CFSE (“Lyons-Parish™) assay

To follow the fate of individuat T cells thyoughioul sctivaton and clonal
expansion, the finorescemt dye CFSE (Moeleenlur Probes, Eupene, OR) was
used. Dilation of CESE-labeled T cells was performed as originally de-
scribed by Lyons and Parish (28} Smgle cell suspensions wore prepared
from LNs harvested frons HNT or CL4 niwe wind libeled with CFSE. Ea-
perinental groups were injected i.v. with 200 11 per mouse. Sixdy-six heurs
after transfer, experimental mice wore vulled wid single ecll suspensions
were prepared from the draining LNs (DENS. conrdateral LN mesenteric
Iymph aodes (MLN), and spleens. Analysis was porformed ca o FACSean
using CellQuest soltware {BD Tmmunecytomeny Systams, Sun Jose, CAy
For analysis of CFSE-labeled cells, 00000 cvemts were collected and
analyzed.

Tetramer staining

Tetramers were made as follows: HA-pephide K complexes were purified
by HPLC size exclusion chromatography and botinylated. Tumor-anfit
trating lymphocytes werte exteacted by mechanival disaggregaion of tumos
For analysis, 1 % 10° lymphocyles were bleckae! in puriiiod wti-mouse
CD6/CD32 (FeyllIR: B PhirMingan. Sar Diego, CAr then stained
with the HA tetramer for 2 h at room perhire. Sampics were then
incubated with FITC-labeled anti-CDS b fon 30 min, Data were acquired
on a FACScan flow cytometer, and analy e usinz CeliQuest software (BD
Immunocytometry Systems).

Bone marrvow chimeras

BALD/c mice were lethally wrradiated with 00 ad aned ther mjected iy
with § X 10° BALB/ or BALRBA -2 T-depleted bone marrow cells (1,
2). The next day eachi recipient was injzored 1 with 50 qof of Thy-1-
specific ascites (T24) to remove residusl T cells Mice were L1t to recon-
stitute for at least 6 wk before use

I vivo cyrotoxic T-Ivimphocvie asvey

The “in vivo CTL assay™ examines etlevter CTL fhnction so it has some
significant advantages over the in vitre CTL precurser expousion assay,
including the avoidance of many of the in vitro artitacts gencrated by the
latter assay and the selective expansicn ol CP¥ popuoilations. It was per-
formed as previously described (171 Eapenmantal groups were injected
iv. with 2000 pd of differentially CESE-Jubeleid splenocyies per mouse.
Eighteen hours later, experimental mice were cudled and single cell sus-
pensions were prepaced from the LN, conuabateral TN. MILN, and
spleens. Analysis was performed on a FACScur {BD Biosciences, Moun-
tain View, CA) using CellQuest software. The evtotonic abidity of the host
CDE™ population is meusured by monitoring the loss of the peptide-Tabeled
CFSEM® peak as compared with the control CESEM™ paak fas per Ref. 17).

Lvinphocyte proliferation assay

Single cell suspensions of fymphocytes ware washed und resuspended in
RPMI 1640 with 5% FCS at 2 X 10% colbs per wolk in 30 pl, and seedad
into 96-well Bat-bottom tissue culture plates (1D Bloscience sy, Some welly
were precoated with 200 gl of antimusine CH3 smAb KT American
Type Culture Collection, dManassas, VAL T meral v PBSy overnight ot
A°C, otherwise CLA peptide was added to the cublures a concentrations of
1,01, and 001 pgfml Atter o 8-t incubation wells were pulsed will
[ﬁ[]lhymidinc {1 pCiswell) for 15 hoand banvested omto Bilter paper for
scintillation counting. AN assays were done m wiplicuie.

Statistical analysis

Data comparing differences between groups was assessed using s Stadent’s
t test or the Mann-Whitney U nonparaanctiic test. Differcnces between
tumor growth rates were compared using ANOVA. Kaplun-Meier sarvival
curves were compated using the log rank test. Iiferences wow considered
significant when the p vatue was <005, Stanistica) anadysis was conducted
using the SPSS for Windows program and ihe GraphPad Prises program
{GraphPad Software, San Diego, €AY

Results

Twmor Ag cross-presentativn 1o hosy CDN colls reguives hose
APCs and weakly cross-prines

To confirm that the HA Ag was cresspresented by donar APCs
rather than divectly presented by the host wiror cells. hong niatrow
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FIGURE 1, Tumor Ap cross-presentation to host . A.BALB/c 8 8. BALB/cinto BALB/ t C.BALB/b into BALB/c
CDX cells requires hest APCs. To determine whether ] 27 :-i s
host APCs weere required for lumor Ag presentation, g § §-}
BALB/c nyice were either studied intact (A) or lethally 2 P
inudiated 10 900 rad and then injected {4 with § X 10° §§ ; }'1
T-depleted hene nurow cells from BALB/e (B ic., 2 “§* n34
wheck could present the peptice) or BALB/. H-22 (¢ 9!

. ) bl g £ i
ie.. which could not proseut the peptide). Shown are i

ERT el ifor: aadveos i (he “DLN - : ; T % T
CFSE pmhtu\allgn \thd_\ se5 i the fumor-DILN of o o rﬂﬁ« e e o & o i el i
these reconstituted mice bearing the ABI-HA tuntor. Lt

reconstiuion experiments were performed. HA cross-presenta-
ton, measured by adoptive translfer of CESE-lubeled CD8 cells
into the wnimals as deseribed o Murerials and Methods, was re-
stored Dy irradliated mice that received BALB/c marrow, 1.e., with
APCs that bore the H-2" MHC gestriction efements required to
present the class | HA peptide 1o host CDR cells. HA cross-pre-
sentation was not restored in animals that received BALB/c H-2"
marrowy, i, by cells that expressed H-2” and therefore could not
present this peptide (Fig, 1), Thas, only when the host bone mar-
row-derived APC expressed the commect MHC haplotype was HA
presented o HA-spectdic T eells. This indicates that the tumor does
not directly  present HA, but requires cross-presentalion by
host APC.

The apopiosis-inducing agenr genicitabine shrinks the ABI-HA
fnor i vive

The i viro sensitivity of ABI-HA (o gemcitabine was established
using the colorimerric MTY assay (o determine the 1C., of the drug
on thiz weil line. The 1€, of the gemcitabine-resistant cell linc
ABI-HA-GR250 was =R800-Told higher (data not shown). To ex-
amine in vive sensitivity o gemceitabine, mice were given standard
therapy on o third daily schedule for five doses, 9 days after
ABL-HA wmer inoculation. Yumor sizes ranged from just palpa-
ble to 2 X 2 mm Mice treated with gemcettabine showed a decrease
in twmor size and significant growth delay of tumors compared
with control veatrrent (p < 005) (Fig. 24). When mice bearing
the gemeuabine-resistam ABI-HA-GR250 tumor were similarly
treated (Fig. 24y, there was no change in tumor growth rate be-
wveen mive receiving gemeitabine or condrol injections, To quan-
tify the amount of tmor shrinkage induced by gemecilabine, the
effect of genivitubine an Larger established tumors was examined
by starting Weatmens when amor size reached ~50 mm?. These
wmors showed an early decrease in size tollowed by a plateau
after - -81% shrinkage on wmor volume in vivo (Fig. 28). Tumor
regrowth abmost always occurred several days after the end of
treatment.

Induction of upoptosis in vive dues not result in sequestration of
annor Ags frodt the cross-presentation patlivey

The effect of apoptotie celt dewth on cross-presentation was as-
sessed in mice wocuiated with ABL-HA tumor then treated with
gemcitabine, with tynor Ag-specilic proliferation in vivo assessed
by amadyzing changex in fluorescence in adoptively transferred
CESE-tabeled wmor-specific lvinphoeytes (Fig. 3).

In wimor-bearing mice wested with controk vehicle, there was a
gradual increase in tumer size and in the proportion of proliferat-
ing adopuvely trumslerred HA-speeific CDB lymphocytes. When
mice were oeated with genicitabine. the slope of the fine increased
signidicantty (p =< 002), with increased proliferation seen when
refated to eguivalent tmor sive (Fig. 34). For example, at a size of
40 mm®, Ag presentaidon Iromn wmor that had been treated with
gemeitabine was nearty deuble that of animals given PBS alone

{Fig. 3B8). This demonstrates that Ag i more availakle for cross-
presentation following gemciiabine uvutiment, rather than being
sequestered from the cross-presentation pathway. This effect was
unlikely t0 be duc to prolonged preseniatwon Irom an “carlier”
fumor Ag load as Ag presentation ceased wuhin severud days when
mice were “cured” of tumaor and in animals that rejected allogeneic
tumor (data not shown).

To determine whether this effect wus due (o tumor apoplosis o
simply a direct effect of gemeitabine increasing the cross-presenting
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FIGURI 2. The apeptosis-inducing seci ponnitabine fiduces regres.
sion of the ABI-HA twmwor in vivo, 4. Cidy tieatment. To determine
whether this agent could produce wnn regression in vivo. e (five per
group) with established ABL-HA or gemenubine-resistunt AB1-HA-
GR2350 wmors were treated will five doses of gemvitabine or PRS injec-
tion every 3 days from days 9 to 21 atter tumor meculugion, and timor size
was evaluated. B, Late neatment. Mice ¢hive por group) with established
ABI-HA tumors were treated with Bve doses of gemvitabine or PBS in-
jection at third daily intervals from when o reached a wean size of 50
mn’, Tumor size was caleulated as ihe product of two measirements ob-
tained using calipers. Both expesimenis were eepeated on thyee occasions
with similar results.
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FIGURE 3. Induction of apoplosis i vive does not resalt in sequestrati

on of tumor Ags from the cross-presentation pathwiy. To determine whethes

apoplosis ducted prevented removed tumor Ags from the cress-presentation pathway, mice were inoculated wiath £4) AR I-LEA tmor or ¢ semeitabine-

resistunt AR T-ITA-GRISG tumor, reated with genxitabine us described abo

ve and a CFSE dilution (CLyons-Parish ™ analysis was undertahen One, 5,13,

and 21 duys aller gemeitabine treatment commenved, mice were adoptively transferred with CFSE-Jabeled cell suspension iymphocyies from naive €l
mice. Sialy-sis hoeurs laer, mice wese culled and their lymphocytes were analyzed by FACS for preliferalive wclivily. reprosentad as o halving ol
fluorescence for cuch division. Resulis were plotied representing tumor size vs percent proliferating cells adjusted for division nuptber. O Representative

CEST analyses for gemcitabine sensitive tumor at a tumor volunie of 40 o

activity of APCs. this experiment was repeated wusing the gemeit-
abine-resistunt cell line ABH-HA-GR250, ns above, When mice
bearing the gemcitabine -resistant mor were treated, there was no
significamt difference in proliferative activity between animals re-
ceiving gemeitabine and those recetving control vehicle (Fig. 3C).
Furthensore, when splenocytles of gemcitabine-treated mice were
used as APCs in o lymphucyte proliferation assay requiring pre-
sentation ¢f specilic pepudes to untreated HNT or CL4 lympheo-
eytes. there was no dilference in proliferation between gemcitab-
ine-treated or control APCx (data not shown). Thus, APC function
is not gonspecificaily alicred by gemeitabine.

m?,

Apoptasing tnor cells do nor biduce dederion of toror-specific
CD8 cells

We assessed deletion of tumor-specific CD% cells afier gemeitab-
ine-induced apaptosis by using tetramers (o evaluaste wmer-spe-
citic CDE cell numbers in vivo duving and after treaiment, Mice
bearing ABI-HA tmimors were treaad wuh pemeitabine or control
vehicle and DLN and spleens were sremoved, made into a single
cell suspension and double-stained with anti-CD8 Ab (BD Phar-
Mingen) and class I' MHC-HA tetramer complexes then analyzed
by FACS to determine the percentage of COR T T eells «pecific for
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FIGURE 4. Apoptosing tumor ¢ells do not delete CD8. Ta determine whether exposure of host T cells to Ags [rom apoptotic tunmy cells iniuced deletion
and functional wlerance. these parameters were assayed in mice inoculated with ABT-HA wmor and trealed wilk genmcitabive or contol vehicle as
deseribed. 4 and £, Tumor <ol apopiosis does not delete tumor-specific CDE T cells. Five to 21 days atter Lreatment commenced. mice wet: culled and
heir DL (A} and spleens (8) were emoved and double-stained for HA-specific lymphocytes using the K*-HA peptide-PE wuwmer and COR-FITC. The
perceitt ot Iymphocstes staining double-positive for both tetramer and CD3 is shown. C. Tunor cell apoptesis increases totramer ™ COY T cells in tumors
Thirteen and 21 days after rewment econmenced, ntce were culled and their tumors were double-stained for tumor-intilorating vophocyles o above, The
percent of lymphocytes stuinig double-positive Tor both teteamer and CDB is shown. D, Tetramer ™ CD§ T cells also increise in teors followsng adoptive
transfer of wmor-specilic T ¢edls. To merease the precursor frequency of tumor-specific T cells, 1 % 107 of cach of HIN'T wid CLA Iymphocytes were

adoptively transferred § day before commencing treatment and tetramer analysis were perfornied on tumor-infiltrting Tvinphocytes as aboy e

HAL Despite exposure (o increased levels of cross-presented tumor
Ag, wmor-spectic CD8 1 cetl numbers in the DLN (Fig. 44) and
spleens (Fig. 18 of gemeitabine-treated animals were similar to
those from control animals. Interestingly, when tumors were ex-
amined, there was not only no evidence of reduction of specific
CR T cells in mmors but in fact a significant increase in the
percentage ol etramer-positive cells in gemceitabine-treated ani-
mals was ohserved 13 days after the start of gemcitabine treatment,
although there wis no signiiicant ditference between the groups at
21 dayvs (Fig, 37 Because examination of a small number of
lymphouytes in wimars can be inaceurate, we increased the pre-
carsor frequency of tumor-specific T cebls by prior adoptive trans-
fev and again. gemciizbine-trewted animals exhibited clearly in-
creased propartions ol wmor-specific CDY cells within tamors
(Fig. 43 This pattern in tamors was not present at earlier time
paints (data not showsi, Overall there was no clear evidence that
tumor-specitic C'DF cells were deleted after gemcitabine-induced
BINOT aPOPLOSLs.

Apaprosing numor ceils donot induce functional tolerance of
nmarer-spe cific CDS eeily

Functional tolerance of wmoespeciic CDB cells after gemcitabine
treatment wus evalvated by assessing in vivo CTL activity in mice
bearing ABT-HA tamor and treated with gemcitabine or control
vehicle, CTL activity invreased in both groups between days | and
Sand at no time was there any significant difference between gem-
citabine-treated wnd control animals in the DLN (Fig. 5) and non-
DLN or MLN. Thus gemeitubine-induced apoplosis does not lead
10 functional wleranee of tmor-specific CDY cells.
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FIGURE 5. Tumor cell apoplosis dous not dinsngsh tumoer ~pecific CD3
T cell Iytic function in vive. To determine whether apoptosia reduced the
in vivo funetional CTL activity of tumor specific CDB T calls, 1-21 days
after gemeitabine treatment commenced mice were hjected «ith 2 % 10"
target cells {splenocyles Yoaded witht ter peptide and soath different
CFSE concentrations (CFSE™ or CFSEY™ 1 One day Taser, mice were
culled and LN cells and spleens were examimed by FACS b the ratio of
CFSEME.CESEOW cells to determine the pereant killing of peplide-Ta-
beled cells. Data shown are for the DEN o one experinaent using five
mice per experimental greup. The doticdd Tine represenis fhe snean values
seen in mice identically adoptively tansterrcd with CL4 ane ENT fym-
phocytes but that did nol receive any wnor. wil semcitabine dJdid not sig-
nificantly aiter those values. %, Statisticn] signilicance. p < 005
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Apoproric cells prime host antinpmor CD8 responses in vive

Although it was ¢lear that the induction of tumor cell apoptosis
neither deleted nor tolerized the wimor-reactive CD8 cell popula-
tion, additional cxperiments were required Lo defermine whether
apoprotic wmor cells signiticantly primed the host antitumor im-
mune respoase i vive, The proliterative ability of fumor-specific
CD8™ T eells toliowing gemcitabine administration was assessed
as follows. Mice with snwll established tumors were treated with
a fuli course of gemeitabine. culied 1, 5, 13, and 21 days after the
start ol gemeitabine treatment, and their lymphocytes were as-
sessed Tor prefileration in sespense to the nonspecific stimulus anti-
CI33 and w tw class F HA peplide CL4. Although proliferation in
response (0 anli-CD3 was diminished in the lymphocytes of gem-
citabine-treated  animals. these animals showed  significantly
greater proliferation o stimulation with the CL4 peptide at all time
puints. Day five postuesonert is shown as representative of these
data (Fig. 6).

To lurther dewrmine whether apoptotic cells primed host anti-
iy Tesponses, we vaceinated these animals with the HA Ag-
beuring PRE influenza virus in the presence or absence of gemceit-
abine-induced apoptosis and evaluated tumor growth. Although a
minimal delay in amor growth was demonstrable for PR8 virus
alone (Fig. 7.1), this was consistently <7 10% and much smatler in
maguitude and duration than the growth delay seen after gemeit-
abire treatment (Fig. 78). Alsa, while there was a small increase
{p = 0.05) in the median survival of mice receiving PR8 virus
without apoptosis induction 4 (+4 days) and 8 (+7 days) days
after tumor inoculation, mice treared with PRS virus after gemeit-
abine wreatiment showed a L6-day increase in median survival {p <
0.05) compared with mice treated with gemeitabine alone (Fig.
78). An addition. when oceasional mice {< 2%) were cured of
established wimor vsing germeitabine alone, they were subse-
guentdy resistant to rechallenge with the same tunor and did not
show uny ongoing Ay presenuion (data not showa). This priming
eflect of tumaor apoptosis induction was further contirmed by stud-
tes of activating anti-CD30 Ab FGK4S administration after gem-
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FIGURE 6. Apoptotic tumar cells prime CD8 cells. To determine
whether tumor-specitic CDS T eells had been primed in vivo by tumor
peptides Inllowing  apoptosis induclion, mice were inoculated with
ABI-HA tumor angd % days Lter were given HINT and CL4 transgenic
lymphocytes toincrease (the procursor frequency of tumor-specific T cells.
The Tollowing day, mice were weated with gemettabine or PBS on a third
duily schedule. Five duyy olter staeling treatment, mice were culled and
thew LN tested for proliteration o C14 peplide, plate-bound anti-CD3, or
no stinwivs. Tumor-free BALB/e LN were also examined. Data shown
enl one of tiree similor experiments and were obtained from four
miice per group in triplivate wells, Results were similar between the theee
LA value of g7 005 between gerncitabine-treated and

reprs.
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FIGURE 7. Apoplotic cells prime Liest witinintor iniun: osponses in
vivo. A, Groups of J0 mice were inoculated with ABI-11A hunor. Four, 8,
and 12 days after tumor inecudation. mive were s aeemated with 300 U of
PRS virus or confrol vehicle 1.p. withoul recerang any gemeuahing thee-
apy. B, Groups ot 10 mice were mocelaled wille AB-HA numor, teeated
with gemeitabine as above, then, 2 days alter ihe final dos:
nated with 500 T of PRS virus or conteel s elicke + p. Mice wore monitored
for tumor growth rate. Data show one of three separite expeninents with

L were vaect
simtilar results.

titabine-induced apoptosis induction where synergistic effects
were seen in delaying tumer regrowth wid caring a propartion of
mice (A. Nowak, B. W. Robinson, mid K. Labe, munuseript in
preparation). Thus, gemcitabine-induced twumor celt apoptosis
clearly primes host antiumor responses s vivo,

Discussion

Cross-presentation of peripheral tssue Ags has been demonstrated
for a number of tssues and is thought v be imponant for devel-
opment of lolerance and the induction ol immune responses to
tissue Ags (2). Although cross-presentstion of wimor Ags has been
demonstsated by a number of investigators. there v still uncer-
tainty regarding the resulting response ol timor-speciiic CD8 eells
(4). The CDB8 response is likely o be influenced by the viabitity of
the tumor cell containing the cross-presented Ag, b 1t remains
uncertain whether the cellular souree of cross-presented Ags in
vive is live or dead cells (1), Because phagacytosis of vells dying
by apoptosis in vivo is exceptionally clticient. it has been theorized
that wmor cell apoptesis could result vy Ay sequestration (29) and
that when that process is overwhelmad or fails, the host would
respond by tolerance induction (8. 301, This sequencs ol events is
integral to the “danger theory™ which proposes that sniy necrotic
cell death, particulatly when assoctuted st cellular suress, should
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lead 1o the induction of immune responses of the sort likely to
destroy tissue, e.g., antitumor respanses (31). However, it has been
proposed that when massive apoptosis occurs, the normally effi-
cient phagocytic system s overwhelmed, resulting in secondary
neerasis in vivo, release of proinflammatory mediators, and an
Lnereuse in cross-presentation (305

Because until now i has not been possible to accurately analyze
in vive specilic mmaor Ag cross-presentation and tolerapce indue-
tion tollowing i vive apoptosis, we established a transfection-
transgenic model of wmor ormunity in which each of those pro-
cesses could be analyrzed. The transfected marker Ag enabled
wnor-specific responses W be studied in vivo, and the availability
ol tresgenic mice with Luge numbers of T cells expressing TCRs
with specificiey [or that Ag enabled the level, bocation, and kinetics
ol Ag cross-presentation w be evaluated in vivo. Importaatly, the
umor was sensitiyve o in vivo apoptosis induction by gemcitabine
at doses that did not sigmificandy otherwise alter the key unmu-
nological events being studied. The data clearly demonstrate that
apoptaric wmor eedls are not sequestered from cross-presentation
pathways and that temor-specific CD8 cells which respond to
cross-presented tumor Ags from apoptotic cells are not deleted and
are primed rather than wolerized in the process.

Tumar-derived Ay requires host APCs for presentarion to host

CDX celis, e, is cross-prexenred

‘Fhe requirement for host APCs demonstrated by the bone marrow
chimesn experiments confirms that the tumor Ag (HA) is cross-
presented rather than discetly presented by the twmor cells in the
DLN. This s conststient with the lack of any evidence that this
wmor metastasizes o LN (32). This cross-presentation of tumaor
Ag in DLN s elicient and wimor Ag cross-presentation is seen
throughout the period of wimer growth, ie., is constitutive (26).
This parallels observations in normal rats where apoptotic bodies
have been demonstraied (0 he constitutively present in APCs
draining the normal gut. implyving continuous sampling of apopto-
tic gut epithelial cells (33).

The only cellular source of the cross-presented Ag in our ex-
periments was the wmer cell, although it was impossible to know
whether the cells that donated wimar Ag were alive, apoptotic, or
neerotic. The tater way unlikely as staining of tissue sections dem-
anstrated no evidence of either wmor necrosis or the inflammation
usually assoviated with neerosis in these tumors with or without
gemeitabine therapy. Therefore. the source of cross-presented Ag
was likely to be either apopuotic or live cebls. As it is technically
noL possible wo precisely wdentity which type of cell delivers tumor
Ags for cross-presemtation in vivo, we chose the strategy of in-
ducing a large shift in the halance of live to apoptotic tumor cells
in vivo by inducwng substantial apoptosis pharmacologically, then
determined how s alfected  cross-presentation and T cell
TCSPONRCS.

Ay from apoprotic tissae is nor seguestered from the
cross-presentaiion patinvay

As expected, in our experiments gemeitabine induced tumor celi
apuptosis in vitro and caused shrinkage of wmor in vive (20, 22).
This was dependent upon the censinued presence of the diug, as
cessation of gemeitabine administration was associated with rapid
outgrowth of the remaining wimor cells within 1 wk, mimicking
climical experience with noncurative eytotoxic chemotherapy.
With the inducuon of massive wimor ¢ell apoptosis, which reduced
twmor volume by - 80% _ no reduction in tumor Ag cross-prasai-
tation was seenn. Indeed. when corrected for tumor size and hence
pedpheral wumar Ag loud. cross-presentation of umor Ag approx-
tmately doubled. This supports the view that apoptotic cells are
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efficiently cross-presemed. B Dive cells were the only source of
such Ags, cross-preseniation shounld have deelined fulivwing this
farge shift from live w apoptotic cetls in vivo. Furthermore, our
observation that the gemeitahine-treated drug-resistant line did not
exhibil the same increase in lamor Ag cross-prescntation con-
firmed that the results were due e the induction of umse cell death
and not due to any nonspecific augmenting etlicets of the diug self
on the cross-presenting funetions ol APCx.

CD8 cells specific for cross-presented Ags jrnit apopiotic (amor
cells are not deleted

Cross-presentation has been reported as a mechamsm ol snduction
of tolerance by deletion of specilic CIXE 7 1 cells. a process known
as “cross-tolerance,” and, unponanmly ., tus his been described lor
the Ag used in our studies (HA). Ins-H.\ mive expressing the HA
on the pancreatic islets do not develop subitis. In this syslem.
cross-presentation of islet HA veewrs and is Tollowed by rapid
activation and defetion of CD8 7 1 cells (343 Deletional wlerance
has also been demonstraled {ollowing eross-presentation of self
Ags [rom the pancreas of mice expressing the model auloantigen
OVA in this site (35). Tolerization by CI2% ° deletion hus also been
demonstrated in the thyimus (36). In contrast, our datu do not dem-
onstrite any decrease in numbers ot HA-specific CDE 1 eells fot-
lowing the increase in cross-presentatton nediated by gemcitab-
ine-induced apoptosis. Indeed, numbers of wmor-specilic CDE T
cells within tumors increased up to 3 wk alter induction of apo-
plosis commenced, This strongly suggeats that cross-jpiesentation
of Ags from apoptotic cells is nat o deletional event

CDS§ cells specific for cross-presented Azy frow apoptoetie emor
cells are not funcrionally 1oferized

Sherman and coworkers (34) showed, using HA-speciiic T eells in
the nontumor INS-HA transgenic model where HA i expressed w
the pancreas, that tolerance in the (DS compurtment occurred us a
consequence of cross-presentation and was dose-dependent (34).
Apoptosis of pancreatic islet cells hus also been demonstrated to
induce tolerance in vivo {17). Therefore. it is eracial (o understand
the fate of CI8 cells that respond to cross-presented timor Ags in
vivo because it provides essential infornuion for planning twmor
immunotherapy studies, If apoptone celts induee wlenmee, then
any increased load of apoptotic cells that ensued from administra:
tion of a cytotoxic agent like gemeitabine might be expected to
provide strong telerogenic signals. rendering immuootherapeutic
sirategies useless.

Our demonstration that an HA-cxpressing wmor mduces effec-
tor CTL by day [0 and that progressive wimor grosth, with ils
increased load of cross-presented tumor Ags, does not substan-
tially reduce the level of CTL activity supports the view that grow-
ing solid tamors are not tolerogenic w CDB cells per se. This iy
supported by our previous studics using OV A as the model wimor
Ag in C57/BLA mice where no toleranee of wmor-specific CDY
cells was observed over 4 wk of wmwer yrowth (371 This effect
contrasts to the ovteome that oceurs following the in vitro loading
of DCs with mmoer Ags, where wilerance in the CDE comparunest
has been observed, a process thought 1o be due o a combivation of
maturational bock, suppression of wesponsiveness, and the induc-
tion of suppressive molecules such as 1.- 10, transforning growth
factor 3, and PGE (7).

Owerall, our data do not support o view that the induction of
tumaor apoplosis in vivo tolerizes the wimor-specitic CHY response.
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Ags froin ipoptesic wimor celly eross-prime specific CDS
FeSPORSES

If CDS T cell actvation wax an awtomatic sesult of increased Ag
cross-presentation then the induction of apoptosis in vivo by che-
maotherapy drugs like gemcitabine would be expected to induce
some level ol imimunity. For example, one might expect prolenged
reeurrence-Tree ntervals lotlowing chemetherapy and the detec-
tien of new defayed-type hypersensitivity skin test reactivities to
wmaes. This £ noc the wseat clinicat experience as most advanced
cancers recur soon alter cessation of chemotherapy. Clearly, in our
experiments, while there is increased Ag cross-presentation and
CD8 tolerinee was not induced, it was important o determine
whether apoptosis induction was a “null event™ or in some way
primed the host antiumar CDB response. Our observation that
apaptotic celi death primed CDB I cells for an increased prolifer-
ative response o HA peptide is usther supported by the demon-
stration that postapoptosis admisistiation of tumor Ag-containing
viras markedly slowed wimor growth. These data are consistent
with the notion that the cross-presentation of wamor Ags from apo-
prosing wmor ¢etly 1 not in fact a noll event but provides a tevel
of priming. This is confirmed by the demonstation of increased
tumaor-specific CDE responses in vitro following apoptosis induc-
tion. t is alsa consistent with the observation that mice exhibiting
caomplete regressions following gemeitabine therapy alone {(~2%
of teated animals) were immune o rechallenge (data not shown)
and, indirecty. by the demonstration of increased numbers of tu-
mog-inidlirating lymphoeytes following apeptosis induction. It is
possible that this psiming is ondy appazent, and is sinply a reflec-
tion of the mereased Ag dose “delivered 1o the DLN following
apoptusis induction, but in ather experiments increased dose alone
has not been enough o prime host CD8 cetls (37). It is more likely
that the wnduction of apoptosis altered the comtext in which the
tumor Ag way delivered. There are two main candidate mecha-
nisms for this, First, chemotherapestic agents can increase the
level ol some stress proteing expressed by cells {38), and these
prateins are capable of simulating host antitumor responses that
may be sufficient w induce CDS responses to the cross-presested
wmor Ag (39 Second, ihe increased phagocytosis of apoptotic
wmor cells by wmor-ussociated macrophages, one of the main
sourees of the proinflammatory cytokines that underlie the “cancer
syndrome” of seight loss, anorexia, and lethargy, may angment
the release of these protnflummatory eytokines and thus increase
the responsiveness of APCs o cross-presented tumor Ags (40).

Coosidered together, our findings show that wmor Ags from
apoptotic cells. when vross-presented to host CD8 eells, do not
mduce toleranee in these CDE cells as occurs with in vito-cultured
DCs (o). nonobese diabetic mice with apoptetic pancreatic 8 cells
(171, and chass H-pusitive B cell tumors (41), and thar a level of
CDE priming results.

fmplications for mmor therapy

There have been few studies combining apoptosis-inducing che-
mothierapy and immuanotherapy in cancer, presumably because it
has been assumed chat chemotherapy is so immunosuppressive tha
it would negate any potential benefits from immunotherapy (42),

Simultancous administation of immunotherapy agents which
prime 1XCs. such as IEN « and TNF-n, has been used with che-
raothesapy (43—46). Although (his has some scientific logic, par-
dentarly in stinulating the capacity of the DCs cross-presenting,
the inceeased Ag load o promote CD8 differentiation, these com-
binations have atten proven w be wxic, Previously published lit-
ersture in this area have been limited for variety of reasons, such
as an inability W study specific aplitumor reactivity due to a lack

of defined mumor Ags anc limitations in assavs available for anal-
ysis of CDE function in vive, One of the most widely studied
agents is cyclophosphamide, which can prime CDR responses via
a process thought to include suppression of regutatory 1 eells (7).
It is important to make it clear thay gemcitabing is nou simply
acting i a similar way—if that were so. <imilar results would ol
course have been seen when gemeitubine was administered to
gemeitabine-resistant tumors. although of course we cunnot com-
pletely exclude a contributory cflect of gemcitabine-induced
changes in lymphocyte numbers or fizucton in these stadies,

Chematherapy-induced apoptotic destrucnion of tumor cells ex-
poses the host immune system o Luge arneunts of wimoer Ag.
Although this is not enough alone w putiaie o poweriul antitumor
response it does prime the host immune svstem for “adjuvast”
immunotherapy. In this study it was noteworthy that - {0% of
animals whose established wmors regressed following gemeitab-
ine plus influenza vaccination showed no evidenee of recurrence
up to 6 mo following therapy. i.c.. were “eured,”
rarely seen with the tumor used in ths stady or with ether aggres-
sive solid tumors. This has several implications for planning tumor
immunotherapy wials. First, it suggests that the fevel of cross-
presented tamor Ag from established taimors 15 1ot limiting. There-
fore, therapy in such situations is hetier asmed at boosting re-
sponses to endogenous cross-presented wimor Ag iather than
delivering extra Ag. Sccond. as drug therapy protocols using apo-
plosis-inducing agents like gemcitabine can piime antitumor in-
mune respenses, combining this therapy with immunotherapy s
logical. Third, as postchemotherapy delivery of immimostimula-
tion was maore effective rather than pretreatiment. the tning of such
immunotherapy may be critical.

As not all chemotherapy induces apoptosis, not ali drogs act by
the same mechanisms, and individual winors can express different
mechanisms of resistance W apoptoses 5501 we cunnot con-
clude that all agents would have thix e priming 2 itect. Thus
this study, which provides undersianding of the how T cell re-
sponses to specific wmor Ags following chemotherapy. s a foun-
dation for deciding which immunotherapewtic approgches may en-
able the immune system te mount a SUoeng antitumor resposise (o
chematherapy-induced tumor lysis.

a phenomenon
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Cell Biology

ATCC®™ Number:
Designations:
Depositors:
Biosalety Level:

Shipped:

Medium & Serum:
Growth Properties:
Organism:

Morphology:

Source:

Permits/Forms:

Applications:

Antigen Expression:

Cytogenetic
Analysis:

Comments:

Propagation:

TIB-39™ { Orderthls Item ) )

Price:
ElL4
M Cohn

]
I'r()/cn

hllhpCl]SlO[’l
Mus musculus (mouse)
[ymphoblast
¢
:
(]
i A 4

Disease: lymphoma

Strain: C57BL/6N

Cell Type: T lymphocyte;

In addition to the MTA mentioned above, other ATCC and/or
regulatory_permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is
ullinmlcl\' responsible for obtaininﬂ the pcrmi[b Plcasc du l\

5hImel]l to your locatlon.

translection host (Nucleofection technology from Lonza
Roche Translection Reagents)
H-2b; Thy-1.2

modal number = 39

EL4 was established from a lymphoma induced in a C57BL
mouse by 9,10-dimethyl- 1,2-benzanthracene. [22448]

The cells are resistant to 0.1 mM cortisol and sensitive to 20
mcg/ml PHA.

A subline (ELA4.IL-2, ATCC TIB-181) that produces high
levels of interleukin-2 (IL-2, interleukin 2) is available.
Tested and found negative for ectromelia virus (mousepox).

ATCC complete growth medium: The base medium for this
cell line is ATCC-formulated Dulbecco's Modified Eagle's
Medium, Catalog No. 30-2002. To make the complete growth
medium, add the following components to the base medium:
horse serum to a final concentration of 10%.

Temperature: 37.0°C
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Subculturing:

Preservation:

Related Products:

References:

Medium Renewal: Every 2 to 3 days

Cultures can be maintained by addition or replacement of {resh
medium. Start cultures at 2 X 10 expS5 cells/ml and maintain
between | X 10 exp5 and 1 X 10 exp6 cells/ml.

culture medium 95%; DMSO, 5%

Recommended medium (without the additional supplements or
serum described under ATCC Medium):ATCC 30-2002
derivative: ATCC CRL-2113

derivative: ATCC TIB- 181

derivative: ATCC TIB-40

1104: Ralph P. Retention of lymphocyte characteristics by
myelomas and theta+-lymphomas: sensitivity to cortisol and
phytohemagglutinin. J. Immunol. 110: 1470-1475, 1973.
PubMed: 4541304

22422: Old 1], et al. The G (Gross) leukemia antigen. Cancer
Res. 25: 813-819, 1965. PubMed: 4284252

22448: Gorer PA. Studies in antibody response of mice (o
tumour inoculation. Br. J. Cancer 4: 372-379, 1950. PubMed!:
14801344

22523: Herberman RB. Serological analysis of cell surface
antigens of tumors induced by murine leukemia virus. J. Natl.
Cancer Inst. 48: 265-271, 1972. PubMed: 4119883

22528: Ralph P, Nakoinz I. Inhibitory effects of lectins and
[ymphocyte mitogens on murine lymphomas and myelomas. J.
Natl. Cancer Inst. 51: 883-890, 1973. PubMed: 4542714
23443: Shevach EM, et al. Immunoglobulin and theta-bearing
murine leukemias and lymphomas. J. Immunol. 108: 1146-
1151, 1972. PubMed: 4112916

32256: Aparicio CL, et al. Correction for label lecakage in
lMuorimetric assays of cell adhesion. BioTechniques 23: 1056-
1060, 1997. PubMed: 9421636

32286: Cuthbert JA, Lipsky PE. Regulation of proliferation
and Ras localization in transformed cells by products of
mevalonate metabolism. Cancer Res. 57: 3498-3504, 1997.
PubMed: 9270019
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Cell Biology

ATCC® Number:
Designations:
Depositors:
Biosalety Level:

Shipped:
Medium & Serum:

Growth Propertics:

Organism:

Morphology:

Source:

Permits/Forms:

Applications:

Tumorigenic:
Antigen Expression:

DNA Profile (STR):

CRL-1435™  {Order this Item ) Price:
PC-3
ME Kaighn
1
frozen

Sec Propagation

adherent (The cells form clusters in soft agar and can be
adapted to suspension growth)

Homo sapiens (human)

epithelial

& k|
Mo
1
Organ: prostate

Tumor Stage: grade IV

Disease: adenocarcinoma

Derived from metastatic site: bone

In addition to the MTA mentioned above, other ATCC and/or

regulatory permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is

here for information regarding the specific requirements lor

shipment to your location.

transfection host (Nucleofection technology from Lonza

Yes
HLA Al, A9

Amelogenin: X
CSF1PO: 11
DI3S317: 11
D165539: 11
D5S818: 13
D75820: 8,11
THOLI: 6,7
TPOX: 8,9
vWA: 17
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Cytogenetic
Analysis:

Age:
Gender:
Ethnicity:

Comments:

Propagation:

Subculturing:

Preservation:

The line is near-triploid with a modal number of 62
chromosomes. There are nearly 20 marker chromosomes
contmonly found in each cell; and normal N2, N3, N4, N5,
N12, and N15 are not found. No normal Y chromosomes could
be detected by Q-band analysis.

62 years adult

male

Caucasian

The PC-3 was initiated from a bone metastasis of a grade IV
proslatic adenocarcinoma from a 62-year-old male Caucasian.
[22303]

The cells exhibit low acid phosphatase and testosterone- 5-
alpha reductase activities.

ATCC complete growth medium: The base medium for this
cell line ts ATCC-formulated F-12K Medium, Catalog No. 30-
2004. To make the complete growth medium, add the
following components to the base medium: fetal bovine serum
to a final concentration of 10%.

Atmosphere: air, 95%; carbon dioxide (CO2), 5%
Temperature: 37.0°C

Protocol:

I. Remove and discard culture medium.

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin-
0.53 mM EDTA solution to remove all traces of serum
that contains trypsin inhibitor.

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask
and observe cells under an inverted microscope until ccll
layer is dispersed (usually within 5 to 15 minutes).

Note: To avoid clumping do not agitate the cells by
hitting or shaking the flask while waiting for the cells (o
detach. Cells that are difficult to detach may be placed at
37°C 1o facilitate dispersal.

4. Add 6.0 to 8.0 ml of complete growth medium and
aspirate cells by gently pipetting.

5. Add appropriate aliquots of the cell suspension to new
culture vessels.

6. Incubate cultures at 37°C.

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:6 is
recommended
Medium Renewal: 2 to 3 times per week

Freeze medium: Complete growth medium supplemented
with 5% (v/v) DMSO
Storage temperature: liquid nitrogen vapor phase

11-08-25 1:51 PM

AV LA TNLE I LY
gomplex
partnership-

level services

BioStandards
Bioloeical
Refercnce
Material and
Consensus

the lilc
science

® COmunUniLY

Page 2 of 3



Untitled , 11-08-251:51PM

Recommended medium (without the additional supplements or
Related Products:  serum described under ATCC Medium):ATCC 30-20044
recommended serum:ATCC 30-2020

22363: Kaighn ME, et al. Establishment and characterization
of a human prostatic carcinoma cell line (PC-3). Invest. Urol.
17: 16-23, 1979. PubMed: 447482

22470: Chen TR. Chromosome identity of human prostate
cancer cell lines, PC-3 and PPC-1. Cytogenet. Cell Genet. 62:
183-184, 1993. PubMed: 8428522

26302: Ohnuki Y, et al. Chromosomal analysis of human
prostatic adenocarcinoma cell lines. Cancer Res. 40: 524-534,
1980. PubMed: 7471073

32341: Sheng S, et al. Maspin acts at the cell membrane 1o
inhibit invasion and motility of mammary and prostatic cancer
cells. Proc. Natl. Acad. Sci. USA 93: 11669-11674, 1996.
PubMed: 8876194

32344: Umekita Y, et al. Human prostate tumor growth in
athymic mice: inhibition by androgens and stimulation by
{inasteride. Proc. Natl. Acad. Sci. USA 93: 11802-11807,
1996. PubMed: 8876218

32460: Carter RE, et al. Prostate-specific membrane antigen is
a hydrolase with substrate and pharmacologic characleristics
ol a neuropeptidase. Proc. Natl. Acad. Sci. USA 93: 749-753,
1996, PubMed: 8570628

32486: Nupponen NN, et al. Genetic alterations in prostatc
cancer cell lines detected by comparative genomic
hybridization. Cancer Genet. Cytogenet. 101: 53-57, [998.
PubMed: 9460501

32488: Geiger T, et al. Antitumor activity of a PKC-alpha
antisense oligonucleotide in combination with standard
chemotherapeutic agents against various human tumors
transplanted into nude mice. Anticancer Drug Des. 13: 35-45,
1998. PubMed: 9474241

32916: SuZZ, et al. Surface-epitope masking and expression
cloning identifies the human prostate carcinoma tumor antigen
gene PCTA-1 a member of the galectin gene family. Proc.
Natl. Acad. Sci. USA 93: 7252-7257, 1996. PubMed: 8692978
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Research Article

Characterization of the ovalbumin-specific TCR transgenic line
OT-I: MHC elements for positive and negative selection

SALLY RMcK CLARKE,"?" MEGAN BARNDEN,*" CHRISTIAN KURTS,'
FRANCIS R CARBONE,* JACQUES FAP MILLER' and WILLIAM R HEATH'

{mmunology Division, The Walter and Eliza Hall Institute of Medical Research, Melbourne, *Department of
Pathology and Immunology, Monash Medical School, Prahran, Victoria, and *The Cooperative Research Centre for
Vaccine Technology, Queensland Institute of Medical Research, Herston, Queensland, Australia

Summary The present report provides the first extensive characterization of the OT-1 TCR transgenic line, which
produces MHC class [-restricted, ovalbumin-specific, CD8" T cells (OT-I cells). These cells are shown to be
positively selected in vivo in H-2° C57BL/6 mice and in bm5 mice, which express the K" mutant molecule. In
contrast, OT-1 cells were not selected by mutant K® molecules in bm1, bm3, bm8, bm10, bm!11 or bm23 mice. Inter-
estingly, however, when positive selection was examined in vitro in foetal thymic organ culture (FTOC), bml and
bm8 were still poorly selective, but the bm3 haplotype now selected as efficiently as B6. The ability to select in
vitro correlated with the capacity to present the ovalbumin (OVA) peptide to OT-I cells, as measured by induction
of an OVA-specific proliferative response. These results suggest that a lower affinity TCR:MHC interaction may
be necessary for positive selection in FTOC compared with selection in situ.

Key words: CD8" T lymphocyte, cytotoxic T lymphocyte, ovalbumin, thymus, transgenic T cell receptor.

Introduction

The frequency of T cells specific for nominal protein anti-
gens is extremely low. This means that it is very difficult to
follow the fate of antigen-specific T cells during immune
responses, although this has been achieved."? To better under-
stand the mechanisms involved in both thymic maturation
and antigenic stimulation, several laboratories have produced
transgenic mice expressing a single T cell receptor speci-
ficity. We chose to generate an MHC class I-restricted TCR
transgenic line specific for ovalbumin (OVA), because this is
a highly manipulable antigen and there is a large body of
information describing various types of immune responses to
it. These OT-I mice have been briefly described previously.’
In the present report, we further characterize the CD8' T cells
produced.

Foetal thymic organ culture (FTOC) has been used to study
many aspects of thymocyte development, including the role of
peptides in the selection of T cells from TCR transgenic
mice.”” These studies support the idea that the affinity of the
MHC + peptide/TCR interaction determines whether a T cell
is positively selected. They also support the notion that the
overall avidity of the interaction between specific peptide-
bearing MHC molecules, the TCR and coreceptor molecules
(CD4/CD8) regulates T cell selection. Foetal thymic organ
culture has been assumed to closely mimic in vivo conditions

Correspondence: William R Heath, Immunology Division, The
Walter and Eliza Hall Institute, Post Office The Royal Melbourne
Hospital, Melbourne, Vic. 3050, Australia.

Email: Heath@wehi.edu.au
*The first two authors contributed equally to this work.
Received 13 August 1999; accepted 19 October 1999,

for the development of T cells. In the present report, we
compare the MHC requirements for selection of CD8" T cells
in vivo with those required in FTOC. Our results indicate that
MHC haplotypes incapable of selecting in vivo may select in
FTOC. The basis of this phenomenon is examined.

Materials and Methods
Mice

All mice, including C57BL/6 (B6), B10.BR, BALB/c, bml, bm3,
bm5, bm8, bm10, bml1 and bm23, were bred at The Walter and
Eliza Hall Institute. The generation of the OVA-specific TCR trans-
genic line (OT-I) has been previously described.’ These mice were
originally called OVA-tcr-I, but for brevity we have changed this to
OT-1. The TCR transgenes were derived from the CD8” OVA-specific
T cell clone 149.42, which expresses the V 2 and V5 variable
regions of the TCR.}

Flow cytometry

Analysis by flow cytometry was performed on a FACScan (Becton-
Dickinson, Mountainview, CA, USA). Cells were stained with
monoclonal antibodies as previously described.” Fluorescein
isothiocyanate (FITC)-conjugated anti-CD8, phycoerythrin (PE)-
conjugated anti-CD4, Streptavidin-PE and Streptavidin-TRICOLOR
were purchased from Caltag Laboratories, Burlingame, CA, USA
and biotin-conjugated anti-V_2 was made from the B20.l
hybridoma.

Proliferative responses

Proliferative responses were performed as previously described."
Briefly, lymph nodes from OT-I mice were removed and single cell
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suspensions prepared and washed three times. Spleen cells from B6
mice were irradiated for 1500 ¢Gy and then coated at 5 x 107/mL
with various concentrations of OVA,_, , = peptide for | h at 37°C.
Cells were washed three times and added to wells of a 96-well flat-
bottom plate at 5 x 1 cells/well in 100 pL. RPMI-1640 containing
10% FCS, 2-mercaptoethanol and antibiotics (RF10). Various
numbers of OT-1 lymph node cells were then added to each stimula-
tor well in 100 ul. RF10 and cultured for 3 days at 37°C in 5% CO,.
The concentration of OT-1 cells within the lymph node population
was determined by flow cytometric staining for CD8 and V 2.
During the last 8 h of culture, the cells were pulsed with 37 kBq
[*H]-thymidine.

Foetal thymus organ culture

OT-I mice were bred onto bm1, bm3 and bm8 background animals
to generate offspring with the appropriate MHC class | elements.
Foetal thymic organ cultures were performed as previously
described ™" Briefly, foetal thymuses were explanted from 15-day-
old embryos, trimmed of extraneous connective tissue and groups of
3-9 lobes maintained in culture for 7 days at 37°C in 6.5% CO, on
nitrocellulose filters on gelfoam sponges soaked in RF 0.

Cytotoxic T cell assay

Bulk cultures and the [*'Cr]-release assay were performed essentially
as previously deseribed.”? Briefly, for in vitro restimulation of OT-I
cells in bulk cultures, 10° OT-1 spleen cells were mixed with 10°
OVA,,. ., peptide-coated B6 spleen cells in 30 mL RF10, After §
days, effectors were collected and concentrated in 1.5 mL for use in
the [*'Cr]-release assay. For measurement of cytotoxicity, cultured
effectors or spteen cells taken directly from OT-I mice were resus-
pended in 1.5 mL RF10 and then titrated in three-fold dilutions.

Relative cell number

V2

Figure | Expression of V 2 by CD8 cells from the selecting
haplotype H-2® and the non-selecting haplotype H-2*', Lymph
node cells from OT-1 mice crossed to the (a) H-2° or (b) H-2*™
haplotypes were examined by flow cytometry for expression of
CD8 and V_2. (¢} H-2°( } and H-2*™ {----) profiles were
gated on CD3" cells and V 2 expression examined.

Effectors (100 uL) were mixed with 100 uL [*'Cr]-labelled target
cells for 4 hat 37°C and then 100 pL of supernatant was collected to
determine the percentage specific lysis.

Results

Primary characterization of OVA-specific class I-
restricted TCR transgenic mice

Generation of the class I-restricted OVA-specific TCR trans-
genic ling OT-1 has been briefly described previously.? After
screening of several potential founder mice, line 243-2 was
chosen because of its extensive expression of V 2 (Fig. la,c)
and V.5 (data not shown) by CD8" T cells. This line was
termed *OT-I" for OVA-specific, class [-restricted 7CR trans-
genic. Quantification of the number of CD4* and CD8* cells
indicated that transgenic mice possessed a total number of
T cells similar to that of noa-transgenic littermates, but that
transgenic cells were strongly skewed towards the CD8*
subset (Fig. 2).

To ensure that cells from the OT-I line were able to
respond to OVA, lymph node cells were cultured in vitro with
irradiated syngeneic spleen cells coated with various con-
centrations of the KP-restricted OVA, ., . peptide and prolif-
eration was assessed on day 3 {Fig. 3). This revealed that OT-1
T cells made a vigorous response to OVA, . . - peptide. When
analysed for cytotoxicity, unprimed (resting) lymphocytes
from the spleen of OT-1 mice did not kill specific target cells
(Fig. 4a), whereas cells stimulated for 5 days in vitro with
antigen were cytotoxic (Fig. 4b).

The expression of CD4, CD8 and V 2 by OT-I thymocytes
is shown in Fig. 5a,c. Consistent with the peripheral skewing
of T cells towards the CD8" population, a large proportion
(13%) of OT-I thymocytes were CD4-8", OT-1 thymi also

70 -

60- _l_ -l-

S0 |
OT-I Littermate

Figure 2 T cell enumeration in OT-I transgenic mice. Lymph
node cells and spleen cells from 9-week-old transgenic mice and
littermate controls were counted and then analysed for CD4 and
CD8 expression by flow cytometry, This allowed enumeration of
CD8" T cells (D, CD4* T cells (E2) and total T cells (O).
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Figure 3 Proliferative response of OT-I lymph node cells to
syngeneic spleen cells coated with various concentrations of oval-
bumin (OVA),, ., peptide. I[rradiated B6 spleen cells
(5 x 107/mL) were coated with 0 (A -), 0.5 (- B ), 5 (),
50 (-&-), 500 (-{3-) or 5000 (@) ng/mL OVA,,, . . peptide for
1 h at 37°C. After extensive washing, these cells were cultured
with various numbers of OT-I lymph node cells for 3 days and
proliferation assessed by [*H]-thymidine incorporation.

(a) {b)

80
@
L60
2
D
j=X
W 201
3

0 ‘

1 19 100 1000 1 10 100 1000
Effector/target

Figure 4 Cytotoxicity of OT-1 cells before and after in vitro
activation. Spleen cells from OT-1 mice were measured for cyto-
toxicity either (a) when directly taken from mice or (b} after
5 days restimulation in virre. Cytotoxicty was measured against
EL4 targets alone (() or after coating with ovalbumin
(OVA),;,_,,. beptide ().

contained a significant proportion of cells that were
CD4hiehCDginermedia Thege are primarily precursors of mature
CD8" cells, because intrathymic transfer of such cells into
normal B6 mice produced predominantly CD4-8" cells.’® Of
note, OT-I thymocyte counts were 33 + 8% of aged-maltched,
non-transgenic thymi.

To examine whether endogenous rearrangement of o
chains might be responsible for some part of the thymic
profile, OT-1 mice were crossed onto a recombination
activating gene (RAG)-1-deficient background and their
thymocyte profiles compared to RAG-1-sufficient mice
{compare Fig. 6a with Fig. 5a). Lack of RAG-1 expression

CD4

Relative cell number

V2

Figure 5 Expression of CD4, CD8 and V_2 by OT-I thymocytes
from H-2° (B6) and H-2""' (bm1) mice. (a,c) B6 thymocytes and
(b,d) bm1 thymocytes were analysed for expression of (a,b) CD4
versus CD8 and (c,d) V 2.

CcD4

Relative cell number

V2

Figure 6 Expression of CD4, CD8 and V 2 by RAG-I-
deficient OT-1 thymocytes from H-2° (B6) and H-2*' (bm1)
mice. (a,c) B6 thymocytes and (b,d) bml thymocytes were
analysed for expression of (a,b) CD4 versus CD8 and (c,d)
v, 2.

barely altered the thymic profile, although there was a slight
reduction in the proportion of cells expressing CD4 and the
lowest level of CD8. These probably represent those few cells
that rearranged endogenous o chains and were then selected
on class [1.

The effect of RAG-1 deficiency on the peripheral lym-
phocyte pool in OT-I mice is shown in Fig. 7. On a selecting
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Figure 7 Expression of CD8 and V_2 by RAG- I-deficient cells
from the selecting haplotype H-2® and the non-selecting haplo-
type H-2*"'. (a,b) Spleen and (¢,d} lymph nede cells from RAG-
I1-deficient OT-I mice crossed to the (a,c} H-2° or (b,d)} H-25
haplotypes were examined by flow cytometry for expression of
CDRBand V 2.

haplotype, 97% of lymph node cells were now CD8™V 27
OVA-specific cells. In the spleen, 24% of cells expressed this
phenotype. [nterestingly, there was still a small population of
CD8"V 2 cells and 50% of these cells expressed CD4 (data
not shown). One unusual finding was that the total number of
T cells present in the peripheral immune system of RAG-1-
deficient OT-l mice was only about half that found in RAG-
1-sufficient mice {data not shown). This may relate to a lack
of memory cells, which have been proposed to represent
about half of the T cell pool.™

Response to presentation of ovalbumin by H-2K* mutant
strains

To determine the antigen specificity of the TCR of OT-1 mice,
the capacity of the CD8" OT-1 cells to proliferate in response
to various H-2K" mutant strains of stimutator cells presenting
the OVA,, .. peptide was examined. These mutants possess
defined mutations in the K® molecule, which allow definition
of those residues contributing to antigen presentation.'® H-2*
{B10.BR} and H-2° (BALB/c) strains were also examined for
presenting capacity. To prevent the cells from the responder
population presenting this peptide, stimulator cells were
coated with peptide and then washed. Figure 8 shows that K*
(from B6), Kbm3, Kbws) Kbl and K23 were all capable of
presenting the OVA peptide, whereas Kbm, K% Kbm10 H-2¢
(from BALB/c) and H-2* (from B10.BR) were not.

Positive sefection

The transgenic TCR expressed by OT-1 mice is K*-restricted
and has been shown to be selected by K®.2 We have reported
that thymic skewing towards the CD8" population was not
evident in the thymus of bm1 mice, which express the mutant

[3H)—thymidine incorporation
(x10%¢c.p.m.)

-
§ESs 7 %E
[

0.00001
0.

Peptide (pg/mL)

Figure 8 Proliferative response of OT-I cells to ovalbumin
(OVA),;, ., Peptide presented by different MHC haplotypes.
Spleen cells from various strains of mice were pulsed with OVA
peptide at different concentrations and then mixed with OT-I cells
of B& origin. [*H]-thymidine incorporation was examined on
day 3. (~-l--), B6; (-1}, bml; (=), bm3; ({3+), bm5; (=),
bm8; (—O-), bml0; (—-A~-), bmll; (-@) bm23; (——k-),
BALB/¢; (—O--), BI10.BR; (@), no stimulators.

K" molecule K*'. We have now examined a large panel of the
K® mutants and other mice (Table 1). In these experiments,
H-28 OT-1 mice were first crossed to the strain in question, If
CD8" cells expressing high levels of the transgenic TCR V_2
entered the peripheral lymphoid system as indicated by flow
cytometric analysis, the haplotype was considered not to neg-
atively select this TCR. To examine positive selection, F,
mice were then recrossed to the same mutant K® parent strain
and mice homozygous for the mutant K® background were
examined for the production of cells with a high density of
the transgenic TCR. Non-selecting haplotypes produced
similar preportions of CD4* and CD8" cells and the CD8"
cells expressed a low level of the transgenic o chain. An
example of this is shown in Fig. 1b,c, where bm1 was used to
gxamine selection. The generation of CD8°V 2" cells and the
low level of V 2 expression on the CD8” cells is indicative of
rearrangement of endogenous o chains that compete with the
transgenic o chain for pairing with the transgenic f
chain.*'®!? Lack of positive selection of the transgenic TCR
resulted in a thymus size that was similar to that of non-trans-
genic littermates.

Analysis of CD4 and CDS8 expression by thymocytes in
non-selecting mice such as bml (Fig. 5b) revealed a profile
similar to that of non-transgenic littermates {data not shown).
These thymii contained mainly double-positive cells, but a
discrete population of CD4 single positive cells was evident.
To confirm that these cells were the result of endogenous
rearrangement, OT-I mice crossed to a non-selecting bml
background were further crossed to RAG-1-deficient mice, to
prevent endogenous rearrangement. Thymocytes and periph-
eral lymph node cells from these mice were then analysed for
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Table 1 {n vivo selection of OT-1 cells in different strains of mice

Mice analysed High TCR V 2

{Positive selection)

Low TCR V 2
(No positive selection)

Homozygous for MHC B6, bm5 bml, bm3, bm§,
bm 10, bmll, bm23
High TCR V2 Low TCR V 2

(No negative selection)

(Nepative selection)

F, cross with B6 (H-2°) bml, bm3, bm5, bm§,

bml0Q, bmll, bm23, Bé

B10.BR (H-2¥), BALB/c (H-2¢)
BI10.S (H-29)

Positively selecting strains, B6, bm3.
Negatively selecting strains, B10.BR, BALB/¢, B10.S.
Non-selecting strains, bmi, bm3, bm8, bml0, bml1, bm23.
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20+6% Figure 9 Selection of OT-]
n=5 CD8" cells in foetal thymic organ
culture (FTOC), The FTOC were
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generated from OT-1 transgenic
mice backcrossed to (a) B6, (b)
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bml, (¢) bm3 and (d} bm8§ strains
of mice. Day 15 foetal thymuses
were cultured for 7 days on nitro-
cellulose filters. Cells isolated
from these cultures were then
examined by flow cytometry for
expression of CD4 and CD8 and
assessed for the proportion of CD8
single positive cells, as shown in
the gated areas. Numbers shown
16+ 11 % are.t‘he percentage CDS§ singl.e

"=22 positive cells = the standard devi-
ation of the mean and the number

the expression of CD4, CD8 and V_2 and compared with
similar mice on a selecting B6 background (Fig. 6). The
RAG-1-deficient non-selecting thymi contained few CD4
single positive cells, confirming the idea that these cells were
selected on endogenously rearranged TCR in RAG-I-
sufficient mice. Interestingly, analysis of lymph node popu-
lations of RAG-1-deficient non-selecting bml mice revealed
the presence of CD8” cells expressing a high density of the
transgenic o chain (Fig. 7). The total number of CD8* T cells

of animals examined {n). Panel (d)
is taken from Barnden er ¢/.M

produced by bml mice was, however, quite small, In the
experiment shown in Fig. 7, the B6 RAG-1-deficient mouse
had a total of 32 x 10¢ CD8'V 2" cells, whereas the bml
RAG-1-deficient mouse had 2.6 x 10® of these cells. Inter-
estingly, when the CD8V 2* cells from the RAG-I-deficient
mice were examined for the expression of CD4, more than
half of these cells on the B6 background were CD4*.
However, there were no CD4" cells on the bml background
(data not shown).



Characterization of Ol mice 115

50 | 63
<t
o)
O — ——
15 5
o
]
>

Figure 10 Negative selection of OT-I by H-2*. The thymocytes
{a,b) and lymph node cells (c.d) of H-2° or H-2"* OT-1 mice were
examined for the expression of either (a,b) CD4 and CD8 or (c,d)
V 2 and CD3.

Positive selection of OT-1 cells in foetal thymus organ
cultire

In studies that examined the requirements for selection of OT-
I cells in vitro, FTOC were analysed from OT-1 mice crossed
to either the selecting haplotype H-2* (B6) or non-selecting
haplotypes bm1, bm3 and bm8 (Fig. 9). Surprisingly, the
selection of OVA-specific CD8" cells appeared to be more
efficient in FTOC than in vive. The bml and bm& FTOC
selected relatively poorly for CD8" cells, although some CD8
single positive mature cells were generated. More impor-
tantly, bm3 now selected as efficiently as B6. One explana-
tion for this finding was the observed up-regulation of TCR
expression on double-positive cells when cultured in FTOC."
This may increase the overall avidity of interaction between
selecting APC and thymocytes, such that the bm3 molecule is
now able to provide a strong enough signal to positively
select.

Negative selection

Analysis of thymic selection in different strains of mice
revealed negative selection of the transgenic receptor on
some haplotypes (see Table 1). Figure 10 shows the thymic
and peripheral profiles of H-2® versus H-2"* OT-I mice. The
H-2t thymi showed a reduction in the proportion of CD8
single positive cells. They were also smaller than the select-
ing thymus and produced fewer peripheral CD8* cells
expressing the transgenic TCR. [n the B10.S and BALB/c
ctosses, the peripheral profiles were much the same as those
of the non-selecting haplotypes shown in Fig, | (data not
shown). In contrast to the non-selecting haplotypes, however,
this phenotype was generated in the F| generation, indicating
its negatively selecting influence.

Discussion

The OT-1 transgenic line is a very powerful tool for analysing
both thymic development and peripheral responses of CD8”
T cells.»#71113.183 The data outlined in the present report
extensively characterizes this transgenic line and provides
support for several conclusions that have been derived from
other experimental systems. In addition, some intetesting
differences between CD8" T cell selection in vive and in
FTOC are highlighted.

Extensive skewing of the OT-! repertoire towards CD8*
cells in the periphery of OT-I mice was observed (Figs 1,2)
and this was reflected in their thymic profile (Fig. 5a). The
requirement for TCR recognition of a class I-resiricted
ligand during positive selection was demonstrated by the
failure of OT-1 cells to be positively selected in most bm
mice, which express mutant K* molecules. In fact, other than
B6 (H-2°) mice, only bm5 mice were able to select this
receptor in vive. bmS is one of the least altered mutants, with
a single amino acid substitution in the floor of the antigen-
binding groove, so it is not surprising that this mutant was
able to select. It is interesting, however, that while bm3,
bml1 and bm23 were able to present the OVA,, ., peptide
and induce proliferation of mature OTI cells, they were
unable to positively select the OT-I receptor. This suggests
that the nature of class [ binding to the antigenic ligand is
different from class | binding to the selecting self peptide(s).
The fact that the OVA,,, ., peptide can be presented by these
mutant class I molecules also indicates that it is not TCR
recognition of the MHC molecule surface that prevents OT-
[ selection. The three bm mutants, bm3, 11 and 23, each have
two amino acid substitutions, one of which they have in
common (position 77 D—8) and which is associated closely
with the antigen-binding groove. Our findings suggest that
this aminoe acid is important for presentation of the
peptide(s) normally responsible for selecting OT-I cells. The
fact that all except one of the bm mutants failed to select OT-
I cells favours the idea that there are very stringent require-
merts for positive selection and this is likely to relate to a
requirement for selection by a specific peptide or group of
peptides.”

In studies designed to address the nature of the select-
ing peptide, we, in association with others,’® have shown
that there is specificity in the peptide required for positive
selection. These studies used the FTOC system to examine
selection of OT-1 cells in the presence of different peptide
ligands. In the present report, we examined the selection of
OT-1 cells by different K® mutant molecules in vivo and in
FTOC. We attempted to identify a K® mutant that nega-
tively selected the OT-I TCR in order to isolate the posi-
tively selecting peptide(s). That is, a peptide that induces
negative selection when presented by a mutant K" molecule
may have lower affinity for the TCR when bound to the
wild-type K® molecule and so mediate positive selection.
So far, no negatively sclecting K® mutant mice have been
identified.

Because the role of peptide in the selection of CD8" cells
has been examined only under conditions of low MHC
expression, that is, in P2-deficient FTOC or transporter
associated with antigen processing (TAP)-deficient FTOC,
it has become important to confirm these findings with



116 SRMcK Clarke et al.

more normal levels of MHC expression. For this purpose,
we generated FTOC with OT-1 mice crossed to the non-
selecting mutant haplotypes. Our aim was to examine the
types of peptides that could select in these systems. To our
surprise, the level of positive selection was dramatically
increased in FTOC compared with in vive, particularly with
the bm3 mutant, which yielded essentially the same amount
of positive selection as the wild-type B6 haplotype. It is
unclear why this occurs, but we speculate that this is related
to the avidity of interaction generated in FTOC compared
with what is apparent in a thymus in sif. When thymii are
put into FTOC, there is an up-regulation of TCR molecules
on the unselected population of CD4*8* thymocytes.'! This
greater level of TCR expression may shift the overall avidity
above the threshold for positive selection. Alternative trivial
possibilities are that one of the peptides present in the FCS
used in FTOC is able to cause selection of OT-1 cells on the
bm3 molecule or that FTOC represent carly ontogenic
selection that is not apparent in the otder thymii. The latter
is unlikely because there was little positive selection in the
early neonatal period, at least in the poorly selecting bm8
situation {data not shown),

The fact that bm3 was better than bm8 and bm| at pre-
senting OVA peptide to OT-I cells and was also more capable
of selecting OT-I cells in FTOC may be important. This
could simply relate to the MHC surface seen by OT-1 cells;
bm3 having a better fit than bm8. Alternatively, it could
relate to some link between the selecting peptide and the
antigenic peptide. Although endogenous peptides unrelated
to the antigenic peptide have been shown to drive OT-l
positive selection,® it is possible that the conformations of
both the antigenic peptide and the selecting peptides are
somehow similar. This may be only slightly altered with bm3
compared to B6.

Finally, it is interesting that OT-I mice produced a small
subset of CD4* T cells, even when on the RAG-1-deficient
background. The selection of mismatched coreceptor-TCR
pairs has been previously reported for the selection of a
small proportion of CD8* class [I-restricted haemagglutinin-
specific T cells in transgenic mice that predominantly
produce CD4" T cells.”’ The OT-1 CD4* T cells appear to be
selected at least partly by the K" molecule, because they are
not generated in bm1 RAG-1-deficient mice. As yet, we have
not crossed the OT-1 mice to a class I[-deficient haplotype to
determine whether class II is also required for selection of
these CD4" T cells.

In summary, OT-I mice represent a useful transgenic line
for the study of T cell development and function. The
present report provides some basic characterization that will
be of great value for studies in these areas.
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MFG-E8-mediated uptake of apoptotic cells
by APCs links the pro- and antiinflammatory
activities of GM-CSF
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Granulocyte-macrophage colony-stimulating factor (GM-CSF) enhances protection against tumors and infec-
tions, but GM-CSF-deficient mice develop inflammatory disease. Here we show that GM-CSF is required for
the expression of milk fat globule EGF 8 (MFG-E8) in antigen-presenting cells, and that MFG-E8-mediated
uptake of apoptotic cells is a key determinant of GM-CSF-triggered tolerance and immunity. Upon exposure
to apoptotic cells, GM-CSF-deficient antigen-presenting cells (APCs) produce an altered cytokine profile that
results in decreased Tregs and increased Thi cells, whereas concurrent ablation of IFN-y promotes Th17 cells.
In wild-type mice, MFG-E8 attenuates the vaccination activity of GM-CSF-secreting tumor cells through Treg
induction, whereas a dominant-negative MFG-E8 mutant potentiates GM-CSF-stimulated tumor destruction
through Treg inhibition. These findings clarify the immunoregulatory effects of apoprtotic cells and suggest

new therapeutic strategies to modulate CD4* T cell subsets in cancer and autoimmunity.

Introduction
The mixture of cyrokines produced in the tumor microenviron-
ment plays a decisive role in determining the outcome of the host
antitumor reaction (1). Cveokines released in response to cellu-
lar stress, injury, or infec on stimulate che rescoration of tissue
honieoscasis and restrict cumor development and progression.
However, persistent cyrokine expression in the setting of unre-
solved inflammation contributes to dysregulaced cell growth and
apoptosis and fosters tumor cell invasion and metastasis. This
dual character of host immunity in cancer pathogenesis might
reflect, at least in parc, the pleiotropy of cytokine activities, with
specific funcrions dependenc upon the particular array of cells and
soluble factors presentin the tumor microenvironment.
Subsrantial evidence implicares an important role for granulo-
cyte-macrophage colony-stmulating factor (GM-CSF) in antitu-
mor responses, Vaccination with irradiated cumor cells engineered
to secrere GM-CSF evokes potent, specific, and long-lasting anti-
tumor inmunity through improved tumor antigen presentation
by dendriric cells and macrophages (2). Early-stage clinical testing
of this immunization scraregy revealed the consistent induction
of anticumor cellular and humoral responses effectuating cumor
necrosis in patients with advanced solid and hematologic malig-
nancies (3). Additional rumor destruction may be accomplished in
combination with antibody blockade of CTL-associated antigen-4
(CTLA-4) (4, 5). Nonwichstanding this protective activity, other
work indicares that ronic GM-CSF production by tumor cells may
be associated with disease progression and that high levels of the

22, CC chemokine ligand 22; CTLA-4,
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ClT-associared antigen-4; P21 Fled g wid; Gase, growth arrest-specific gene 6;
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cytokine may antagonize anttumeor cviotoxicicy (6, 7). Thus, che
overall influence of GM-CSF during rumorigenesis mighe vary as
a consequence of distinct secretion profiles and addirional factors
in the microenvironment.

As tumors arise from self, the impact of GM-CSF on host reac-
tions mightalso involve a contribution of this eytokine to immune
regulation. GM-CSF-deficient mice develop pulmonary alveolar
proteinosis (PAP), a progressive accumulation of surfaccancin lung
air spaces, due to impaired alveolar macrophage ditterentiation,
which compromises surfactant clearance and carabolism (8-10).
This pulmonary pathology includes an extensive lymphoid hyper-
plasia circumscribing pulmonary airwavs and veins and reflects the
absence of local GM-CSF production by type I pneumocytes (11).

Aged GM-CSF-deficient mice further manifest a SLE-like dis-
order characterized by immune complex deposition in che renal
glomeruli and autoantibodies ro double-stranded DNA and
C1q (12). Mice doubly deficienc in GM-CSF and IL-3, a closely
related cytokine that signals through the shared f, receptor sub-
unit, similarly display PAP and SLE (12, 13). However, concurrent
ablation of IFN-y in GM-CSF or GM-CSF TL-3-deticient mice
resultsin opportuniscicinfections and widespread intlammatory
pathology, with acute and chronic granulemarous lesions pres-
ent in multiple organs (12). Older compound cyrokine-deficient
animals succumb ac high frequency to disseminated mature B
cell lymphomas and diverse solid necplasms. The prophylac-
tic administration of antibiotics suppresses the intflammatory
pathology and subsequent cumor development, escablishing the
interplay of microbial agents and the loss of immune homeostasis
as a critical determinant of tumor susceptibility. Together, chese
studies reveal a key role for GM-CSF individually and in combina-
tion with IL-3 and [FN-y in maintaining tolerance ro self antigens
and inhibiting tumor-promoting inflanumacion.

GM-CSF-deficient macrophages are impaired in the phago-
cytosis of apoptotic cells (12), a detect thac might coneribute to loss
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GM-CSF regulates the phagecytosis of apoptotic cells. (A) CFSE-labeled wild-type dying cells treated with dexamethasone (dex), eteposide,
or necrotic cells were added to pesitoneal macrophages, and phagocytosis was quantified by flow cytometry. Numbers refer to the percentage
of celis within an indicated gate. (B) Purified splenic DGs or Fli3-L—derived bone marrow dendritic cells (BMDCs) were exposed to labeled
apoptotic thymocytes, and phagocytosis was measured. (C) Peritonsal macrophages (3 mice per group) were loaded with apoplotic or necrotic
thymooytes, and culture supernatants were measured by ELISA, (D) Peritoneal macrophages (circles, GM-CSF/IL-3/IFN-v~deficient; squares.
wild-typs) were exposed to apoptotic (filled symbais) or necrotic (open symbols) thymocytes and cocultured with wild-type Balb/c splenocytes.
Proliferation was determined by *H-thymidlne uptake. Results are representative of at least 2 o 3 independent expeariments.

of immune regulation, as this activity normally stimulates antiin-
flammartory vvrokines and inhibits proinflammacory mediators
{14). Antigen-presencing cells exploit multiple receptors and secret-
ed proteins to ettect the clearance of dying cells (15). Ameong these,
osidized phosphatidviserine exposed on the surface of apoptoric
cells constitutes a major signal for phagocyte engulfimenc. Milk fac
globule EGF 8 (MFG-ER), Del-1, and growth arrese-specific gene 6
{Gast) are secrered opsonins that bind phosphatidylserine and
promore apoptotic cell ingestion through engagement of phago-
cvee tfhy and s inregrins and Mer receptor tyrosine kinase,
respectively (16-18). Mice deficient in these pathways develop
autoimmunity and persiscent inflammacdion (19-2 1), aithough the
underlving mechanisms remain to be fully defined.

The uprake of apeprotic cells by phagocytes may influence CD4°
T cell funcdon. In allogeneic bone marrow transplantation, the
infusion of apeprotic cells stimulates the generation of FoxP3-
expressitg Tregs through a pathway involving macrophages and
TGFEF-{} production (22). Tn the aurologous host, the ingestion of
apoprotic neutraphils by tissue macrophages suppresses tonic TL-23
secretion and thereby modulaces Th17 cells as part of a homeo-
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stacic circuit regulating granulopoiesis (23} Since Trey and Th17
cell devetopment from a commen CD4° T cell precursor is influ-
enced by TGF-f3, IL-6, and other inflammuarory mediacors (24-26),
the cytokine profile triggered by corpse clearance mighe conribure
to CD4 T cell differenciadon.

Here we delineace critical roles for GhM-CSF- and MFG-E§-
dependent uptake of apoptotic cells in regularing the balance of
CD4" T cell subsets in tolerance and rumeor prorection.

Resuits

GM-CSF regulates the phagocytosis of apeptatic colis. GM-CSF ~deficient
peritoneal macrophages manifest the impaired uprake of dexa-
methasone-treated wild-type apoprode thvmecytes (12). Similar
defects were found with etoposide-exposcd Jurkar T cells and y-irra-
diated splenocytes, burt the uprake of frecze-thaw-induced necrotic
cellswas intact (Figure 1A and data nor shown). GM-CSF TL-3- and
GM-CSF/IL-3/TFN-y-deficient macrophages displayed comparable
phagocytosis profiles {dara noc shown). CD 1 1e-cxpressing splenic
dendriric cells were also impaired, alchough Fled ligand-derived
(Fle3-L-derived) bone marrow dendrivde cells etticiendy ingesred
Vohime 117 1903
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uptake. Results are representative of 2 to 4 independant experiments

apoprotic marerial (Figure 1B). These results are in accord with
a recent report indivating that Fle3-L-generated dendritic cells
acquire dving cells through a “nibbling” process, in contrast ¢o the
engulfment that is triggered by GM-CSF (27). However, our find-
ings suggest that GM-CSF may be a more imporranc determinanc
of corpse clearance than Fled-L under steady-state conditions.

As expected, wild-tvpe macrophages triggered substantial TGE-[3
buc minimal IL-1f3, IL-6, TL-12p70, and TL-23p19 in response
ro apoprotic cells {14, 23, 28), whereas necrotic cells evoked che
opposite profile (Figure 1CY. In contrast, GM-CSF- (daca not
shown), GM-CSF/TL-3-, and GWM-CSF/TL-3/TFN-y-deficient mac-
rophages produced less TGE-P but more IL-1f3,I1L-6,1L-§2p70, artd
IL-23p19 after exposure to apopretic or necrotic cells. GM-CSF/
[L-3-deficienc macrophages generated rthe highese IL-12p70,
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htep: /rwvw jciorg

whereas GM-CSF/IL-3/IFN-y-deficient inacrophages generated
the highest TL-23p 19, indicating thar [EN-7 also conrributes to
¢yeokine regularion. IL-10 and TNF-u production did not dit-
fer across the set of mice {data not shown). While wild-type and
GM-CSF/IL-3/TFN-y-deficient macrophages loaded with necrotic
cells stimulated vobusc allogencic T cell responses, ehe ingestion
of apoprotic cells by wild-type phagocires suppressed proliferative
responses more efficiently than Gh-CSF.TL-3/TFN-+ -deficient
phagocytes (Figare 1D).

GM-CSF regalates MFG-E8 expression, Previous expression pro-
filing experimencs revealed chat several gene products invalved
in the phagocytosis of apoprotic cells were induced in microglia
with GM-CSF but not M-CSF (29). Real-cite PCR analysis of
GM-CSF-deficient peritoneal macrophages disclesed minimal
Mumber?
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GM-CSF contributes to Treg homeostasis through MFG-EB. (A) Engineered peritoneal macrophages were exposed to apoplotic thymacytes
and cocultured with wild-type syngenelc splenocytes, FoxP3-expressing Tregs were assayed by fiow cytometry. Numbers refer to the percent-
age of cefls within an indicated gate. {B) Blocking antibodies to TGF-p or MHC class |l were added to the coculture of apoptotic cell-oaded
macrophages and syngeneic splenocytes, (C) Superatants from macrophages exposed to apoptotic cells were assayed for chemotactic activity
against CD4+CD25+ and CD4+CD25- T cells. Blocking antibodies against CCL22 or control isotype were added as inclicated. (D) Splenocytes
were analyzed for CD4, GD25, and FoxP3 expressicn. Results are representative of 2 to 6 experiments.

gesting thar peripheral mainrenance rather than production mighe
be the primary defect. GM-CSF/TL-3/IFN-y-deficient CD4"CD25*
T cells showed weaker suppressor activity compared wich wild-
rype conools (Supplemencal Figure 5), alchough additional stud-
ies using purified Foxfd cells are required to evaluate regulatory
function en an individual cell basis.

GM-CSF remulates CDF cffctor Tevll subsets through MFG-E8. The
increased production of intlammartory cytokines by GM-CSF-
deficient antigen-presenting celis suggested that CD4' effeceor
T cell subsets might be altered. We thus cocultured syngeneic
wild-type CD3 CDISRA CIX62N naive T cells with apoprotic
celi-loaded periconeal macrophages and analyzed IL-17 and
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IEN-y expression by flow cyrometry (Figure 3A). Consistent with
the augmented IL-12p70 secretion. GM-CSFIL-3-deficient mac-
rophages stimulated increased Thi vells. The combinaton of
angmented IL-23, IL-15, and IL-6 Levels in GM-CSFTL-3/TFN-y-
deficient macrophages vielded increased Th17 cells. MEG-E8
cransducrion of cytokine-deficient macrophages suppressed
CD4* effector cell respenses. Comparable findings were obtained
using Fle3-L-derived bone marrow dendriric cells iFigure SB).
Expression of the RGE mutanc in wild-tvpe macrophages pro-
moted Thi cells, whereas transduction of TFN-y—deficient mac-
rophages triggered Thi7 cells {Figure 5C) Moreover, splenocytes
stimulated with PMA and ionemyein showed Thl skewing in
Yolume 117
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or no changes in the levels of MARCO, CD36, scavenger recep-
cor-A, and the putacive phosphatidylserine recepror, although
MFG-ES rransciipes were significantly reduced compared wirh
wild-cvpe cells {(data nor shown). Flow cytometry confirmed
the marked decrease in MFG-E8 expression in macrophages
isolated from the peritoneal cavity, spleen, liver, and lung of
GM-CSF-deficient mice (Figure 24). While MFG-E8 was derected
by immunchistochemistry in germinal center macrophages and
alveolar macvophages of wild-type mice, consistent with previ-
ous repares (20}, no staining was found in the spleens or lungs of
GM-CSF-deticient animals {Figure 3) or in thymic macrophages
from either scrain (Supplemental Figure 1; supplemental mate-
rial availaisle enline with this article; doi:10.1172/JCT309661DS1).
Splenic dendritic ceils and Fle3-L-derived bone marrow dendritic
cells from GM-CSF-deficienc mice also showed reductions in
MFG-ES compared with wild-type levels (Figure 2B), while similar
decreases were observed wich GM-CSF/IL-3 and GM-CSF/IL-3/
TEN-y-deficient antgen-presenting cells {(dara not shown). Mod-
est reducrions in caf3s, Gas8, and Mer were further derected (Sup-
plemeneal Figure 2). suggesting that GM-CSF broadly regulates
phosphatidylserine-based uptake of apoptotic cells.

Toclarife the conribucion of MFG-E8 deficiency to rhe impaired
uprake of apoprotic cells, we used recroviral transduction to recoti-
sritute MFG-E8 expression in peritoneal macrophages in vitro. A
high-tirer virus encading a previeusly described MFG-E8 mutant,
in which che RGD sequence involved in integrin binding was
modified vo RGE (30), was also generated. This prorein retains the
capacity to bind phosphatidylserine on apoprortic cells but can-
not be internalized and chereby functions as a dominantnegarive
inhibiter. Flow evtomecry documented chat transduced cytokine-
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Figure 3

GM-CSF regulates steady-state MFG-E8 expression in antigen-pre-
senting cells in vive. Anti~-MFG-E8 staining was detected in germinal
center macrophages and pulmonary alveclar macrophages of wild-
type but not GM-CSF-deficient mice. The eosinophilic material In the
alveoll of GM-GSF—deficient mice is pulmonary surfactant. Original
magnification, x25 (spleen), x250 {(lung).

deficient macrophages achieved MFG-ES levels comparable o
those of wild-type cells (data not shown). MEG-ES restotation
increased the phagocytosis of apeprotic cells in GM-CSF -defictent
cells to wild-type levels, whereas MEG-ES over-ea pression in wild-
type cells further augmented corpse ingestion (Figure 2C). Confo-
cal microscopy demonstrated thar MEG-E8 mediared cogultiment
of apoprotic cells racher than simply mediadng surface binding
to phagocytes (Supplemental Figure 3). MFG-ES levels did not
alter the uptake of necrotic cells (data ner shown). In conerast, the
RGE mutant decreased apoprotc cell ingestion in witd-type and
cytokine-deficient macrophages.

Enforced MEG-E8 expression in mutant macrophages restored
TGE-p and reduced TL-13, IL-6, TL-12p70, and [L23p19 ro levels
comparable to wild-type conerols (Figure 2D). Conversely, the RGE
mucant decreased TGE-P and increased TL-1{3,1L-6, FL-12p70, and
IL-23p19 in wild-type macrophages. The RGE mutant also abro-
gated che inhibitory effects of apopraic cells on the allostimulato-
1y activity of wild-type peritoneal macrophages {Figure 2E), while
MEG-ES8 transduction normalized the aberrant allestimulatosy
activity of GM-CSE/IL-3/TEN-y-delicient macrophages exposed ro
apoptortic cells. This suppression required TGF-[}, as the additien
of anti-TGF-f-neutralizing antibodies antagonized the etfects of
MFG-E8 but not those of the RGE murant.

GM-CSF is required for Treg homeostasis through MFG. E8-inediated
uptake of apeptoetic cells. To explore whether the phagecytesis of
apoptotic cells might influence Tregs. we cocultured syngeneic
wild-type CD4* T cells with apoprotic cell-loaded peritoneal mac-
rophages and then analyzed FoxP3 expression (Figure 4A}. Wild-
type macrophages efficiently stimulared Tregs, bur GM-CSE/
IL-3/IFN-y cells were impaired. MEG-ES transduction of both
wild-type and cyrokine-deficient macrophages increased FoxP3y
cells, although the RGE murant decreased Tregs. Antibody block-
ing experiments established that MFG-E8-mediated Treg expan-
sion required TGF-f and MHC class 11 (Figure 4B). The FoxP3
cells proliferated during the coculrure and manifesced ypical

suppressor activity in allogeneic mixed leukocyte reavrions {dara
not shown). Moreover, supernarants [rom apoptotic cell-loaded
wild-type but not GM-CSF,/TL-3/IFN-7-deficient macrophages
provoked selective migration of CI> CD25° T cells in a CC che-
mekine ligand 22-dependent {CCL22-dependen) fashion (Figure
4C). Reconstitution of MFG-E8 expression in mutait macro-
phages restored cheinoraxis {31),

Consistent with these results, the frequency of CD3 T4 FoxP3
T cells in GM-CSF- (data not showni, GAM-CSF/TE-3- and GM-
CSF/IL-3/IFN-y-deficient mice were significantly devreased com-
pared with wiltd-type controls (Figure 4DY. The absolure numbers
of FoxP3" cells were 3.5 ¢ 1.8 x 10° (nean + SDicells spleen for 5
wild-type mice, 0.7 + 0.1 x 10% cells; spleen For 3 GA-CSEF/IL-3-
deficient mice, and 0.7 + 0.4 x 107 cells spleen for § GAN-CSF/TL-3,
IFN-y-deficient mice (P = 0.067, borh knockour scrains compared
with wild-type). Similar Treg reductions were abserved in lymph
nodes buc not thymi of mucant mice (Supplemental Figure 4}, sug-
Volune 117 Numbee 7 1905
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GM-GSF reguiates CD4* effector T cells through MFG-E8. (A) Peritoneal macrophages were exposed to apoptotic thymocytes and cocultured
with syngenelic wild-type CD3+*CDA5RA+CDB2N naive T cells. T cells were then analyzed for IL-17 and IFN-y production. Numbers refer to the
percentage of cells within an indicated gate. {B) FIt3-L—derived bone marrow dendritic cells were exposed te apoptotic thymocytes and used to
stimuiate syngeneic wild-type naive T cells. (C) Engineered macrophages were exposed to apoptotic thymocytes and used to stimulate synge-
neic wild-type naive T cells. (D). Splenocytes were stimulated with PMA and ionomycin, and cytokine production of gated CD3+C4* cells was
determined by flow cytometry. Similar results were obtained in atleast 2 experiments.

GM-CSE-deticient mice and Th17 skewing in GM-CSF/TFN-y-
deficient mice (Figure 3D}

MFG-ES reconstitution normalizes CD4™ subsets in GM-CSF-deficient
mice. To test turcher the role of MFG-E8 in GM-CSF-dependent
responses i vivo, we performed bone marrow transplanc experi-
menrs. Hemacepoietic progenicors from wild-type and GM-CSF/
IL-3/TFN - deficient mice were transduced with retroviral vectors
and infused inte lethally irradiared 2- to 4-monch-old recipients.
Mice were sacrificed 2 monchs after eransplant, and GFP/MFG-E8
expression was documented in macrophages (data not shown).
MFG-E8 increased phagocytosis of apoprortic cells in wild-type
and GM-CSFTL-3/TFN-y-deficient macrophages, whereas the
RGE mutane reduced corpse clearance in both strains (Figure GA).
MFG-E8 expression increased TGE-[} and reduced IL-6, IL-23p19,
and [L-17 levels in the sera of wild-type and GM-CSF/IL-3/IFN-y-
deficient mice (Figure 6B). [n contrast, the RGE mutant decreased
TGE-f but increased 1L+6, 11-23p19, TL-17, and IL-12p70 levels
in che sera of bach strains. The RGE mutant also evoked circu-
Lating IFN-7 in wild-evpe mice, This increase in proinflammatory
cyrokines might account for the low incidence of peri-transplant
mortalicy observed only in animatls chat received RGE-express-
ing bone marrow (dara not shown). Flow cytometry revealed that
MFG-E8 increased FoxP3 Tregs in wild-type and GM-CSF/TL-3/
IEN-/~deficient splenecyees, whereas the RGE mutant decreased
Tregs i wild-type mice (Figare 6C). MFG-E8 suppressed, but the
RGE mutant increased Thi7 cells in GM-CSF/IL-3/TFN-y—defi-
cient mice, while the RGE mutant augmented Thl cells in wild-
type recipients {Figure 60)). MFG-ES also restored the immunosup-
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pressive effects of apoptotic celisin GM-CSE'IL-3/TEN-~deficient
mice, as documented by the reduced allosumulacory acciviey (Fig-
ure GE), Taken together, these findings establish a requirement for
MFG-E8 in the immunoregulatory activities of GM-CSF.
Antigen-presenting cell maturation inrolees MFG-E8 dowrrivegulation.
Sinece MFG-E8 plays a crideal role in GM-CSF-wriggered relerance,
GM-CSF-induced protective immunicy might hwaolve downregu-
lation of MFG-ES8 function. Indeed, previous work showed robuse
MFG-E8 expression in immarure, Gh-CSF -derived bone mar-
row dendridice cells, whereas LPS-evoked marturacion decreased
MFG-E8 {32). Here we found thar wild-tvpe periteneal macro-
phages treated with diverse TLR agonises invluding peprideglycan
(TLR2), poly-I.C (TLR3), LPS {TLRA). or CpG oligonucleotides
(TLRY) suppressed MFG-E8 induction upon exposure ro apoptot-
ic cells (Figure 74). Enforced MFG-E8 expression antagonized the
reductonin TGF-[} and increase in [L-6 seimulated by LPS (Figure
7B) and suppressed the enhanced allostimulatory acriviry of apop-
totic cell-loaded macrophages treaced wich LPS (Figuve 7C)
B220-, but not B220, Fle3-L-devived bone marrow dendritic cells
efficiently cross-presentapeptoric cell andigens to stimulate CD8
cytotoxic T cell responses (27). MFG-ES cxpression was restricted
to B220" dendritic cells, whereas nuacuracion wich LPS or necrotic
cells downregulated MFG-E8 in these and GM-CSF-derived
dendritic cells (Figure 7D). Sorted B220°, but not B220- Fle3-L-
derived dendritic cells secreted TGE-[} upon exposure ro apoprotic
cells but not necrotic cells (Figure "EY. Tn conerasy, B220, but not
B220", dendritic cells produced TFN-ut in responise 1o apoprotic
cells, and this was increased with LPS, as expecred 127). B220 |
Volume 117 Nuinlwr 7
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MFG-ES8 reconstitution restores CD4+* T cell homeostasis in vive. (A) Peritoneal macrophages recovered 2 months following transplantation
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gate. (B) Serum cylokine levels measured by ELISA 2 months after transplant (7 = 4). (C) Splenccytes {11 = 4) were harvested 2 months after
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mice thatreceived transplants were loaded with apoptotic cells and used to stimulate allogeneic Balb/c splenocytes. Proliferation was determined
by *H-thymidine uptake. Similar results were cbtained with 2 independent transplant experiments.

bue noe B220", dendritic cells also produced IFN-o in response to
necrotic cells. These resulrs, together with our observation that
Fle3-L-derived dendritic cells can ingest apoprotic cells through an
MEG-ES independent patluvay (Figure 1B}, support the idea thac
MEG-ES expression in particular dendritic cell subsetsislinked to
the induction of rolerance racher than protective immunity.
MEG-ES regalates the antidunior offects of GM-CSF-secreting vaccines.
To examine the impact of MFG-E8 on GM-CSF-stimulated pro-
tective responses, we udlized the B16 melanoma model (2}. In this
system. vaccination wich irvadiated, GM-CSF-secrering tumor
cells protected wild-tvpe syngeneic C37BL/6 mice from subse-
quenc challenge wich live wild-cvpe BL6 cells, whereas vaccination
wich irradiaced, parental B16 cells was ineffective (Figure BA).
Immunization with B16 cells expressing the RGE mutant failed to

1808 TheJournal of Clinical Investigation
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protect against tumor challenge. indicadng thar blockade of phos-
phatidylserine was not suffictent [or protecdve immunity in ehis
systen1. Vaccines composed of B16 cells secreting MFG-E8 were
similarly inactive. However, coexpression of MFG-ES abrogated
the protective immunity elicited wirh Gh-CSF-secrecing tumor
cells, whereas the RGE murant did ner.

To determine whether the RGE inurant mighcangient che ant-
tumeor effects of GM-CSF, we urcilized a therapy maodel in which
vaccination was begun on the same Jdas as vumor chiallenge (Figure
8B). Under these conditions, irradiaced, Gh-CSF-scoreting BLG
cells evoked a modest delay in tumeor growih, bucall animals even-
tually succumbed to progressive tumor. MEG-E8 coexpression also
inhibited che impact of GM-CSF-secreting tumor cells i this sys-
tem. Nonetheless, the RGE murtant potentiaced GM-CSF-induced
Volume 117
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TLR4 Figure 7

MFG-ES8 exprassion is downreg-
ulated upon antigen-presenting
cedl maturation, (A) Wild-type
peritoneal macrophages were
exposed to apoptotic cells and
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tumor destruceiong when cherapy was iniciated 3 days afrer B16
injection, tumers grew initially, bue the combination cherapy
effecred complete rumor regressions (data not shown). No toxici-
ties of treacment were abserved.

To analyze the mechanisins underlying these effects, we isolated
tumor-infilerating lvmphoecytes from wild-type B16 challenge sites.
The coexpression of MFG-ES resulted in increased intracumoral
Tregs (Figure 8C), whereas the coexpression of the RGE mutanrt
inhibiced Treg recruttment compared wich B16 cells secreting only
GNM-CSF (Figure 8D). The RGE mutant also enhanced the activa-
tion of CDS  tumor-infiloating lymphocytes and increased the
numbers of MHC class [ restyicred, tyrosinase relaced protein 2-
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specific (TRP-2-specific} IFN-r-sevreting CDE eftecror cells,
whereas these were decreased wich MY G-E8 (Figure 8%).

Tuwmors harvested from treated mive shewed soriking differences
in gross appearance. Melanomas arising in naive mice (dara noc
shown) or in animals that recetved che GA-CSE/MTG-ES vaceine
were heavily pigmenrted, shereas those developing atrer the GM-
CSF vaccine or the GM-CSF/RGE vem:binarion (prior o rejection)
were ot (Figare 8F). Histopathologic examination confirmed the
variation in melanin production {dacanot shown). These findings
suggest that MFG-E8-mediated modularion of immunity against
melanocyte differentiation anrigens, such as TRP-2. sculprs the
phenotype of progressive tumors, consistent wich the concepr of
Volume 117
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B1G/GM-CSF

HGIE

MFG-E8
fo AT

MFG-E8 mocdlulates the vaccination activity of iradiated, GM-CSF-secreting B16 cells. (A) Wild-type C57BL/6 mice were vaccinated subcutane-
ously with 1 x 10% irradiated B16 cells as Indicated and challenged on day 7 with 1 x 108 live B16 cells (8 mice per group. (B) C57BL/6 mice were
injected with 1 < 10% live B16 cells, and the Indicated vaccines were administered on days 0, 7, and 14 (8 mice per group). (C) Tumor-infiltrating
lymphocytes were harvested from the B16 challenge sites of mice treated with the indicated vaccines and analyzed for FoxP3-expressing CD4-
T cells. Results are representative of 5 experiments. Numbers refer to the percentage of cells within an indicated gate. (D} Tumor-infilirating
lymphocytes were analyzed for FoxP3-expressing CD4+ T cells and CD8+ T cell activation, Similar results were obtained in 2 experiments. (E)
Tumor-infiltrating lymphocytes were anatyzed for TRP-2—specific IFN-y preduction with an ELISPOT. E1A denstes a control H-2¢ restricted
peptide derived from the adenoviral E1A gene preduct. SFC, spot forming cells. (F). Gross appearance of B16 challenge tumors in mice treated
with the indicated vaccines (8 mice for B16/GM-CSF and B16/GM-CSF/MFG-EB and 2 mice for B16/GM-CSF/RGE).

immune editing (33). Furthermore, the complere tamor regres-
sions effected by the GM-CSEF/RGE combination likely involved a
diversified host response thar rargeted multiple tumor-associated
antigens in additien to melanecyte differentiation proteins,

Discussion

GM-CSF was initially characrerized as a faccor in lung conditioned
medium char sdimulaced rhe groweh of hematopeietic cells from
bone marrow progenicors (34). Subsequent work escablished addi-
tionat reles for the cvtekine in enhancing resistance to rumors
and infection and in moduladng inflammatery pathology {35).
In chis study, we idendfied the phosphatidlyserine-binding pro-
teiny MFG-ES as a major determinant of GM-CSF activities. Under
steadv-state conditions, Gh-CSF induced MFG-E8 expression on

1910 The Journal of Clinical Investigation
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antigen-presenting cells, resulting in che efficient phagocyrosis of
apoptotic cells, the maintenance of Tregs in the periphery, and the
suppression of autoreactive Thl and Thi7 cells. However, under
conditions of stress, TLR agonists or necrotiv cells dewnregulated
MFG-E8 expression whereby GM-CSF elicited protective responses
through an MFG-E8-independent mechanism. Together, these
findings elucidate a GM-CSF/MFG-ES homeostatic circuit cthat
regulates the balance of CD4* T cell subsets (Figure 9.

The delineation of a GM-CSF,/MFG-ES pathway helps clarify
che complex funciions of this cyveokine in intlammarery disease
and cancer. Although GM-CSF deficiency alone is noc sufficient
to promote spontaneous rimer formarion, foss of the cytokine
precipitates a SLE-like disorder (12). The impaired uptake of
apoptotic cells, which resules in decreased Tregs and increased
Number?
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autoreactive Thl cells, compromises tolerance and evokes che
development of antoantbodies and immune complex mediated
glomerulonepliritis. In contrast. the concurrent ablarion of IFN-y
triggers an expansion of auroreactive Th17 cells, with widespread
acute and chronic granulomarcus inflammacion that resembles
the pathology obsesved in TL-23 and IL-17 rransgenic mice (36,
37} Furthermere, aged GM-CSF/IFN-y compound deficient mice
succumb at high frequency te hematologic and solid malignan-
cies, consisrent wirh a keyv role for che IL-23/1L-17 axis in inflam-
madon-diiven carcinogenesis (38, 39). IL-23 inhibirs the incratu-
meoralintiliration of eytotexic T cells, whereas IL-17 engenders the
producton of angiogenic factors and matrix metalloproreinases
that foster tumer formation. Qur resules cherefore underscore the
high carcinogenic potencial of defective phagacytosis of apoptotic
cells coupled with compromised IFN-v signaling. Intdeed, muca-
tions in the genes enceding macrophage-scavenger receptor | and
ribonuciease L. an endonbonuclease synthesized in response to
incerferon, are tumor suscepeibiliey foci in humans (40).

While the loss of GM-CSF concributes to tumor promoting
inflammation, paradedeally many tumors constitutively secrete
low levels of the cyeckine, which may be linked with disease pro-
gression (). Previous work esrablished chac GM-CSF stimulates
myeloid suppressor cells thar antagonize cyrotoxic lymphocytes
through the elaboracion of reacrive nitrogen and oxygen species
and the modulacion of arginine metabolism (7, 41, 42). Our find-
ings suggest that GM-CSF-induced MFG-E8 expression may be
an additional mechanism of immune suppression in the tumor
microenvironment. Censistenr wich this idea, cumor-associated
macrephages in diverse human malignancies display high levels
of MEG-E8 by immunochiscochemistry (Supplemental Figure 6
and data norshown). The local release of TGF-f and CCL22 might
foster the recruttment and maintenance of FoxP3' Tregs thac
agcenuare the cveotoxic acrviey of innate and adaptive antitumor
effecrors (431, Moreover, since angiogenesis induced by VEGF also
requires MFG-ES8 engagenient of s integrins on endothelial
cells (44), the GA-CSE/MEG-ES pathway might support umor
developmenrin multple ways.
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Figure 9

Proposed medel of the dual roles for GM-CSF in toler-
ance and protective Immunity. Top: GM-CSF is required
for the expression.of MFG-ES in antigen-presenting cells.
Upcn exposure of phosphatidylserine (PS) on the surface
of apoptotic cells, MFG-E8 promotes thelr engulfment by
antigen-presenting cells, which results in the stimulations
of Tregs. Bottom: In the setting of stress, TLR agonists
and necrotic cells downregulate MFG-E8 on antigen-pre-
senting cells, whereby GM-CSF premoles CD4+ effector
T cell responses.

In lighe of the immunoregulatory activities of
MFG-E8, why does cthe provision of GM-CSE as cancer
cherapy increase anticunier responses? Our wsnbes indi-
cate that diverse TLR agonists and necrotic vells down-
regulate the expression of MEG-ES on anrigen pre-
senting cells, and chis suppression may be vequired for
protective immuniry. Indeed, cntorced production of
MEG-E8 anragonized the immunoestimulacery impacr
of TLR agenists and irvadiated, GM-CSF -secrering
tumor cell vaccines, whereas high levels of endogenous

MFEG-E8 were associated with rolerogenic dendride cell
subsets, While blockade of MEG-ES tuncvion wich the RGE mutane
was insufficient to evoke protection i the B16 melanonur model,in
conjunction with GM-CSF, the strategy proved therapeutic againse
preexisting lesions, Thisintensified activin suggests chat irradiaced
GM-CSF-secreting tumor vaccines alone trigger only paraal down-
regulation of MFG-E8 in vive. The enhanced immuninv eliciced by
the combination treatment involved dhe inhibition of Tregs and
the amplification of CD8" cyrotoxic T cells, resuldng b a diversi-
fied host response capable of mediating regression ot escablished
nrmors in the absence of toxicity. This mechanisim of therapeuric
synergy is distinct from that underlying CTLA-4 anubady block-
ade, which primarily targees effector cells but also increases Tregs
(5). Thus, the 3 approaches together mighe prove complemencary
and achieve even higher levels of procective tumer imimunisy.

Methods
Mice. GM-CSF-, GM-CSEIL-3-, IFN- 0355 and GM-CS1 1L-5/1FN-y-
deficient mice were backcrossed at Jeast 9 generatons onle the C57BL 6
srrain and housed under specific pathogen I'ree condittons, Genotypes
were confirmed by PCR (12}, and the experimenis were approved by the
Associarion Lor Assessment and Accreditation of Laboratore Animal Care
Incetmaricoatl -accrediced Dana-Farber Cancer Institure Insoudional Ang-
mal Care and Use Comumiltes.

Phagovytosis assays. Wikl-tvpe thymuoovies woere exposed to B abM dexa-
tiethasone for 6 hours, splenacvies were exposed to 410 Gy -readiarion,
and Jurkac T cells were exposed to 5 memi coposide for 1o fours vo (rig-
ger apoprosis. Cell necrosis was inducad with repersive free aothaw arcles.
Wild-type apoproric or necrogic cells {scored with Annexus V' and prop-
tdivum wodide) were fabeled with S- (and 6-1arbosstetramestn Irhodamine,
succinimidyl aster (5[6]-TAMRA. SE: Invitrogen) or carboaitucrescein
diacerate succinitmdid ester (CFSE:

Iiviteosrend as described i refl 12,
Thioglycollate-elicited peritoneal nucrephascs or C11E microbead
purified (Milrenyi Biotec) rissue nsavropiigses were cobonred ng REMI 1640
supplemented with 10% hear-tnactivained Teral caltserum, -vinramine, and
penicillin/sereptomycin. Dendriric « ells were selited from spleens usiag,
CD Le microbeads (Milrenyve Bioteo) or generated from bone inarrow cells
by cultwre for 7 days using conditioned wedia Grdded o dass 0,2, and 4}
Volime 117 Number? 1911
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trom B14 cells sevreting GM-CSE or Fled-L(46). Macrophages or dendnitic
cells were cxposed 1o ibeled apoprotic or necrotic cells and evaluated for
phagontoss eliviencoy by flow cyremetry as previously reported {12).

ve TGH, TL-6, 113, 1.-12p70, IL-23p19,I1-10, and TNF-a
were measnred i vulture supernatasits by ELISA, according to rhe man-

Cytolne

atacturer’s dircetioas (Preece Biotechnology, R&D Systems, eBioscience).
For it racellular crtokine staining, T cells were stimulared wich 1 mg/ml
PMA and 3¢ ngsml wonemyein: treared with GolgiPlug (BD Biosciences
- Pharmmngeny; stasted wich ana-CI3, ani-CD4, or anni-CD8 mADs; fived

and permeabnlized wich Crrolix,

Cviopetm (BD Biosciences — Pharmin-
geny: stamted agmawalvano IFN-y, anti-IL-17, and isorype control mAbs
{BY) Phanmmgen):aud apadvzed Iy flow atomerry.

Histology nd bnmumebistachemistoy. Pormalin-fixed tissues were embed-
ded s pavatting secooned, and stomed with hematoxylin and eosin. Tis-
ste scenons were reated Tor antigen rerrieval wich a pressure cooker for
20 minutes and then meutaced with 5 pg/mi of primary anribodies or a
corresposkding [ypG tacton of preimmune serum in 3% BSA/PBS Dlock-
my selutien fur 1o hoors at-4°¢C. The hamster anci-mouse MFG-E8 Ab
{<lone 18A-0G 10 MBL Intenanzonal) and mouse anti-human MEG-£8 Ab
{ctone 27H918; R& D Svstems) were used. The prunary antibodies were then
viswalized with che corresponding sccondary biotinylared antibody and the
strepravidin-peroxtdase comples from Vector Laborarories.

Cell proiiferatiy

v, Petitoneal macrophages were exposed to apoptotic

or necrot cells Tor 2 hoses, washed, coculeured wich Balb/c splenocytes
tor 72 bomx, and -thymwdine uptake was derermined. For suppression
assavs, UL CDAS T eells were solared from the splenocytes of wild-type
and mutang wice with the regulacory T cell isofarion kit (Miltenyi Biotec)
following e mannticrnrer's mstrcrions. Purified wild-type CDA'CD23-
splemc ettearar U eells were activared wirl L g/mi plate-bound anti-CD3
mAb {clone 2011 BLY Biesownees — Pharmingen) in the presence or
absence of regulatory CDACD 25T cells ar various racios for 72 hours,
and proliferacion was measured with SH-thymidine isscorporation. The
suppressar actvity was caleulated as the percentage of proliferation mea-
sured i the cocalonres versus eflector cells only,

Chenotaais disaye. Supernatants of macrophages exposed to apoprofic
cells were dilured 110 m calture medsa and added ro rhe borrom wells
of a microchamber contamingt an $-um pore polycarbonate filcer (Cosrar-
Coming). CD1TCD2S or CECD2S T cells were applied to the upper
chamber nthe preseuce orabsence of anri-human CCE22/MEXC neutral-
izing Al or setvpe conurot (R&T? Svstems), and the cebls migrating 1o the
botrony chamber were comted,

Flow evtomnesy, Maczophages were precgeated wich GolgiPlug (B2 Bio-
sciences  Pharmuigen), semned with anti-CD 1B mADb (BD Biosciences
-= Pharmingeny, tixed and permealnlized wirtk Cyrofix/Cytoperm butfer (B
Pharsumygen), and stained again with unconjugated MFG-E8
mAb (Alexiad or Gast maAb (R&D Sysrems) followed by PE-labeled goat anei-
G2 AbBD Blosoenices -

Bioscienves

Pharmingen). For FoxP3 staining, lymphoid cells
were Libeled with ana-CD3 and CLM mAbs {BD Biosciences -- Pharmingen),
washed, aad then stamed wich PE-labeled anti-FoxP3 Ab using the FoxP3
stasning set acvording o the manufacturer’s protocol {eBioscience). Cell
001 flow cytomerer (Beckman Coulter)
and anabyzed by Flow]e sottwaze (version 6.3.1; Tree Stat).

acquisiion was perlormedwich a 1'%

Fhtorescence microscopy. A total of 1 10% puntied wild-type or murant
ma rephages were stamed with e green fluorescent cell linker reagent
(Sigma-Aldnchy, winle tx 1 dexamethasone-rreated wild-rype ehymeo-
cvres were staied with the red floorescent cell linker reagent (Sigma-
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granulocyte-macrophage colony-stunulating fac-
tor stimulates potent, specific, and long-lasting
anti-tumer immunity. Proc, Natl Acad. Sei U 5. A

heep: ffwwwjeiorg

Aldrichy according to rthe manuiacturers inst rucions, Apoptatic thymo-
cytes were corultured with macrophages tor & s on glass shides. The
samples wete then waslied 3 times ro remove Noating cells, Nived wirh 20%
merhanol ar -20°C for 5 minutes, and viswalized using a TEIC00-Uninveri-
ed fluorescence microscope (Nikon).

Retroviral mediated gene transfor. Poll-ienyth sequences encoding che apen
reading frames of MFG-18 or the RGE marnu twhich replices che RGI?
sequence in rthe second EGF deman with RGEY were inioduced into
the pMFG rerroviral vector and high-uier VSV-G-pseadory ped replicit-
tion-defective viral stocks were preparcd with 223-GFG cells as previously
desceibed (46). Peritoneal macrophages vere induced 1o replicate by cal-
eare in DMEM plus 0% fetal call’serum supplemenced wrh 10 ng/mi
M-CSF (R&D Systems). Viral supernatants we re adided 1o 1he culeured
macrophages overnigln in the prescnce of palvbrene (3 pg wh ro tacili-
tace nfection. The transdnced cells were thea washed and used torexpert-
ments 2-3 days lLacer.,

After 48 hours of precondirioning with 3-thnorouractl {130 my: kg, bose
matrow cells were isolated from 8- to 10w eek-ohi wiklaepe and GM-CSF
1L-3/IFNy-de[icient mice and cultared oversaght with X-VIVO (Cambrex)
supplemented with stemy celt facvor (100 sgrmiy and chrombopoietin
(50 ng/ml). The cells were transduced with rotroveral supernoants for 48
howrs and then 1 x 107 cells were wnjected mo lerthallvarradured recipi-
ents {2 doses of 5.6 Gy, 6 hours apart, usiy 4 1 7Us somreen. Fight weeks

after trausplant, mice were sacrificed andmalized for MEG- LS expression,
phagocyric capacity, and CD4* T cell sobsers as above.

BI16 mdenoma experintents. For tumuor provenson sisdies, 5 1o 12weele
old female C37BL/6 mice were injected subuutancorsly in the flank wich
1 x 107 irradiated (130 Gy} wild-tvpe or rerroviaile iminsduced (GM-CSE
MFG-I8, and/or RGE) B16 cells and 7 dawvs Licer challenged subcutane-
ously on the back with 1 x 10° live Blo cells. or the therapy model, mice
were injected on day 0 or 3with 5 x 107 hve Bloeils andrrensdon days i,
7, and 14 with 1 x 107 irradiated, enginecred Blo vells. Tumor growtliwas
monitared, and the product of tumor diamreters was recorded.

'l'unmr—infillril'ing mphoates were obtamed trom BL6 challenge sites
using a Nocoprep (Axis-Shietd) cell sradici separarion follsved by €D
T cell punificarion with anri-CD3 - labeled musgnesi beads (Mitienyr Bioreoy.
The cells were analvzed by flow eytomerry nsmng mabs agmnsa CDHA, CDS,
CD6Y, and FoxP3. Antigen-specafic CD8 rexponses agunst 25 resericred
peprides derived from TRP-2 (180 188 SVY DIV or FEA (234-24 %
SGPSNTPPED were determined by mwubatmy lemphocytes tor 72 hours
wirth 1 x 10° B16 cells and 25 Ufmd §1.-2 and measuring IFN-; production
by ELISPOT using pepride- pulsed splenocvivs as targets.

Statistics. A 1-sided exact Wilcoxon test was smpleved farstanstical analysis.
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Gemcitabine Hydrochloride for Injection ' _ . Gl
Info on Toxia(s)

Gemcitabine Hydrochloride
for Injection

Eli Lilly and Company
Material Safety Data Sheet

!
i
!

Manufacturer:

Eli Lilly and Company
Lilly Corporate Center
Indianapolis, IN 46285

Common Name: Gemcitabine Hydrochloride for Injection

Chemical Name: Cytidine, 2'-deoxy-2',2'-difluoro-, monohydrochloride

Chemical Name 2: 2'-Deoxy-2',2"-difluorocytidine monohydrochloride (beta-isomer)

Synonym(s): Gemeitabine HCI formulation; Gemcitabine; 264368 formulation; 188011 hydrochloride
formulation

Trademarks(s): Gemcein; Gemtro; Gemzar

Lilly Item Code(s): VL7501; VL7502; VL7538; VL7540

See attached glossary for abbreviations.

Section 2 - Composition / Information on Ingredients
Ingredient CAS Concentration %

Gemeitabine Hydrochloride 122111-03-9 51-53

Excipients NA 47 - 49

Contains no hazardous components (one percent or greater) or carcinogens (one-tenth percent or
greater) not listed above.

Exposure Guidelines:
Gemcitabine hydrochloride - LEG 0.3 micrograms/m3 TWA for 8 hours, LEG 0.2 micrograms/m3
TWA for 12 hours. Excursion guidance is to maintain full shift TWA.

 Section3-Hazards Identification

i

Appearance: White to off-white powder or freeze-dried plug
Physical State: Solid
Odor: Odorless

file://Z:\Legacy\EXTRACT 30NOV2006\MSDS_htmI\4270173.html 12/7/2006



Gemcitabine Hydrochloride for Injection Page 2 of 9

Emergency Overview

Special
R = Reproductive

Emergency Overview Effective Date: 29-Oct-1998

-ILilly Laboratory Labeling Codes:
Health 2 Fire 1 Reactivity ( Special R

Primary Physical and Health Hazards: Skin Permeable. Mutagen. Irritant (cycs, skin).
t Reproductive and Blood Effects.

Caution Statement: Gemceitabine Hydrochloride for Injection contains gemcitabine hydrochloride
which may cnter the body through the skin, alters genetic material, and may be irritating to the cyes
and skin. Effects of exposure may inctude decreased fertility, fetal changes, and decrcased blood cell |
counts.

oA BRI 5 E VIR PR
Routes of Entry: Inhalation and skin absorption.

Effects of Overexposure: Based on animal data, gemcitabine hydrochloride for injection may be
absorbed through the skin in amounts capable of producing systemic toxicity and may be irritating to the
eyes and skin. Effects of exposure due to therapeutic use may include, but are not limited to, decrcased
blood cclt counts, nausea, vomiting, edema, rash, elevated liver enzymes, and flu-like syndrome.

Medical Conditions Aggravated by Exposure: None known.

Carcinogenicity: No carcinogenicity data found. Not listed by IARC, NTP, ACGIII, or OSHA.

. Sectiond-First Aid Measures

Eyes: Iold cyelids open and flush with a steady, gentle stream of water for 15 minutes, Sce an
ophthalmologist (eyc doctor) or other physician immediately.

Skin: Remove contaminated clothing and clean before reuse. Wash all exposed arcas of skin with
plenty of seap and water. Get medical attention if irritation develops.

Inhalation: Move individual to fresh air. Get medical attention if breathing difficulty occurs. 1f not
breathing, provide artificial respiration assistance (mouth-to-mouth) and call a physician immediately.

Ingestion: Do not induce vomiting. Call a physician or poison control center. If available, administer
activated charcoal (6-8 heaping teaspoons) with two to three glasses of water. Do not give anything by
mouth to an unconscious person. Immediately transport to a medical care facility and sce a physician.

file://Z:\Legacy\EXTRACT 30NOV2006\MSDS htm1\d270173 html 127772006



Gemcitabine Hydrochloride for Injection Page 3 of 9

Flash Point: No applicable information found
UEL: No applicable information found
LEL.: No applicable information found

Extinguishing Media: Use water, carbon dioxide, dry chemical, foam, or Halon.

Unusual Fire and Explosion Hazards: As a finely divided material, may form dust mixtures in air
which could explode if subjected to an ignition source.

Hazardous Combustion Products: May emit toxic chloride and fluoride fumes when exposed to heat
or fire.

| Section 6- Accidental Relcasc Measures |

SRR |

Spills: Usc double pairs of latex disposable gloves which must be disposed of within an hour, goggles,
impermeable body covering, and approved HEPA-filtered or supplied-air respirator. If material spills
occur in production arca, use either wet clean-up methods, ensuring that no airborne dusts or acrosols
are formed, or appropriate vacuum cleaners having high efficiency particulate air (IH1EPA) filters.

It is reccommended that areas handling final finished product have cytotoxic spill kits available. Spill
kits should include impermeable body covering, shoe covers, latex and utility latex gloves, goggles,
approved IIEPA respirator, disposable dust pan and scoop, absorbent towels, spill control pillows,
disposable spongcs, sharps container, disposable garbage bag, and a hazardous wastc label.

| Section?- Handling and Storage

Storage Conditions: Controlled Room Temperature: 15 to 30 C (59 to 86 F).

__ Section 8 - Exposure Controls / Personal Protection

Sce Scetion 2 for Exposure Guideline information,

For appropriate handling precautions in specific laboratory, manufacturing, or clinical health care
operations, consult with a health and safety or technical services representative.

In clinical health care settings, follow OSHA Technical Manual, Section VI, Chapter 2 - Controlling
Occupational Exposurc to Hazardous Drugs. This chapter covers protection of cmployees during
cytotoxic drug preparation, administration, disposal, and the handling of human waste products
potentially contaminated with cytotoxic drug substances.

GENERAL: For all work environments, wear eye protection, avoid skin contact, wear gloves, and take
other appropriate precautions,

Respiratory Protection: When the exposure guidelines may be exceeded, use an approved HEPA-

file://Z:\LegacyAEXTRACT 30NOV2006\MSDS html\¢270173.html 12/7/2006



Gemcitabine Hydrochloride for Injection Page 4 of 9

filtered or supplied-air respirator,
Eye Protection: Chemical goggles and/or face shield.

Ventilation: Extensive local exhaust, ventilated enclosure (HEPA-filtered balance cnclosure, fume
hood, ot Class 11 or HI vertical flow biosafety cabinet), or enclosed process equipment.

Other Protective Equipment: Chemical-resistant gloves and impermeable body covering to minimize
skin contact. If handled in a ventilated enclosure, as in a laboratory setting, respirator and goggles or
face shicld may not be required. Safety glasses are always required.

Additional Exposure Precautions: In production settings, airline-supplied, hood-type respirators are
preferred. Shower and change clothing if skin contact occurs.

1

| Sccton 9 Piyial and Crmisa Properties

Appearance: White to off-white powder or freeze-dried plug
Odor: Odorless

Boiling Point: Not applicable

Melting Point: No applicable information found

Density: No applicable information found

pH: Acidic

Evaporation Rate: No applicable information found

Water Solubility: Soluble

Vapor Density: No applicable information found

Vapor Pressure: No applicable information found

. Secion 10 Sablly and Rewciviey |

H
i

Stability: Stable at normal temperatures and pressures.

Incompatibility: May react with strong oxidizing agents (e.g., peroxides, permanganates, nitric acid,
etc.).

Hazardous Decomposition: May emit toxic fluoride and chloride fumes when heated to
decomposition.

Hazardous Polymerization: Will not occur,

. Section 11 - Toxicological Information |

Acute Exposure
No data available for mixture or formulation. Data for ingredient(s) or related material(s) arc
presented.

Oral:

file://Z:\LegacyAEXTRACT 30NOV2006\MSDS_htm1\4270173.html 12/7/20006



Gemcitabine Iydrochloride for Injection Page 5 of 9

Gemcitabine hydrochloride - Rat, 500 mg/kg, no deaths.
Mouse, mortality due to intestinal lesions reported when given a single dose of 333 mg/kg and higher.

Skin:
Gemeitabine hydrochloride for injection - Rabbit, median lethal dose estimated greater than 1000
mg/kg, mortality, reduced activity, diarrhea, weight loss, few feces, pale eyes, salivation.

Inhalation: No applicable information found.

Skin Contact:
Gemeitabine hydrochloride for injection - Rabbit, irritant

Eve Contact:
Gemeitabine hydrochloride - Rabbit, irritant

Chronic Exposure
No data available for mixture or formulation. Data for ingredient(s) or related material(s) are
presented.

Target Organ Effects:
Gemcitabine hydrochloride - Blood effects (decreased red blood cell, white blood cell, and platelet
counts).

Reproduction:

Gemcitabine hydrochloride - Decreased sperm formation and decreased fertility in males, and
reproductive tissue changes. Depressed fetal viability and weight and malformations at doses toxic to
the mother.

Sensitization:
Gemeitabine hydrochloride - Guinea pig, subcutaneous, negative systemic responsc.

Mutagenicity:
Gemeitabine hydrochloride - Mutagenic in mouse lymphoma assay and mouse micronucleus test. Not
mutagenic in bacterial cells and other mammalian cell tests.

~ Section 12 - Ecological Information

No environmental data for the mixture or formulation. The environmental information for ingredient(s)
or related material(s) are presented.

Ecotoxicity Data:
Gemceitabme
Rainbow trout 96-hour median lethal concentration: > 1043 mg/L
Fathead minnow 96-hour median lethal concentration: > 1014 mg/L
Daphnia magna 48-hour median effective concentration: > 999 mg/L
Green algae (S. capricornutum) median effective concentration: 5.4 mg/L (average specific growth rate)
Microorganisms
fungus (Chactomium globosum): MIC > 1000 mg/L

file://Z:\Legacy \EXTRACT 30NOV2006\MSDS_htmI\4270173.html 12/7/2006



Gemceitabine Hydrochloride for Injection Page 6 of 9

mold (Aspergillus flavus): MIC > 1000 mg/L

soil bacteria (Comamonas acidovorans): MIC > 1000 mg/L
N-fixing bacteria (Azotobacter chroococcum): MIC > 1000 mg/L
blue-green algac (Nostoc sp.): MIC 800 mg/L.

Environmental Fate:

Gemeitabine hydrochloride

Dissociation constant (pKa): 3.58

Kow: 0.053,0.053,0.052(pH 5,7,9)

Solubility (g/L): 16.0, 15.3, 15.8 (pH 5, 7, 9}
Light absorption (nm): 268 - 269

Hydrolysis: no significant hydroylsis

Acrobic biodegradatioh half-life: 30% in 28 days

Environmental Summary:

Gemcitabine - Practically non-toxic to fish and microorganisms and moderately toxic to green
algac. Low potential to bioaccumulate in aquatic organisms. Expected to be persistent in the
environment based on slow rates of hydrolysis and biodegradation.

Lilly Aquatic Exposure Guideline (LAEG):

Gemeitabine hydrochloride

LAEG for Drinking Water: 0,045 micrograms/L

LAEG for Chronic Exposure: 1.0 micrograms/L

LAEG for Acute Exposure of Aquatic Organisms: 5400 micrograms/L,

T S e A

| Section13-Disposal Considerations |

Waste Disposal: To avoid accidental exposure due to waste handling, place waste residue in a
segregated, sealed plastic container. Used syringes, needles, and sharps should not be crushed, clipped,
or recapped, but placed directly into an approved sharps container. Dispose of any cleanup materials
and waste residue according to all applicable laws and regulations, ¢.g., secure chemical landfill
disposal.

!
]
L

Sectlon 14 - Transport Informatiﬁt‘_‘):‘l‘-irﬂ_

Regulatory Organizations:
DOT: Not Regulated
ICAO/IATA: Not Regulated

IMO: Not Regulated

| Section 15 Regulatory Information

Below is selected regulatory information chosen primarily for possible Eli Lilly and Company
usage. This section is not a complete analysis or reference to all applicable regulatory

file://Z:\LegacyAEXTRACT 30NOV2006\MSDS_htm[\4270173.html 12/7/2006



Gemcitabine Hydrochtoride for Injection Page 7 of 9

information. Pleasc consider all applicable laws and regulations for your country/state,

U.S. Regulations
Gemcitabine hydrochloride
TSCA - No

CERCLA - Not on this list
SARA 302 - Not on this list
SARA 313 - Not on this list
OSHA Substance Specific - No

EU Regulations

EC Classification

Contains gemeitabine hydrochloride {C = 51 to 53%)
Xn (Harmful)

Xi (Irritant)

Reproductive Category 3

Mutagen Category 2

Risk Phrases

R 21 - Harmful in contact with skin.

R 36/38 - lrritating to cyes and skin.

R 62 - Possible risk of impaired fertility.

R 63 - Possible risk of harm to the unborn child.
R 46 - May causc heritable genetic damage.

Safety Phrases

S 25 - Avoid contact with eyes.

S 26 - In casc of contact with eyes, rinse immediately with plenty of water and seck medical advice.
8 36/37 - Wear suitable protective clothing and gloves.

S 53 - Avoid exposurc - obtain special instructions before use.

Sectiﬁn 16 -Othel‘ IllifO:rmation ]

MSDS Sections Revised: Section 2.

As of the date of issuance, we are providing available information relevant to the handling of this
material in the workplace. All information contained herein is offered with the good faith belief that it
1s accurate. THIS MATERIAL SAFETY DATA SHEET SHALL NOT BE DEEMED TO CREATE
ANY WARRANTY OF ANY KIND (INCLUDING WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPQOSE). In the event of an adverse incident associated with this
material, this safety data sheet 1s not intended to be a substitute for consultation with appropriately
trained personnel. Nor is this safety data sheet intended to be a substitute for product hiterature which
may accompany the finished product.

For additional information contact:

Eli Lilly and Company
Hazard Communication

file://Z:\Legacys EXTRACT 30NOV2Z006\MSDS htmI270173. html 12:7/2006



Gemcitabine Tlydrochloride for Injection Page 8 of 9

317-277-6029

For additional copics contaet:
Eli Lilly and Company
1-800-LILLY-Rx (1-800-545-5979)

GLOSSARY:

ACGIH = American Conference of Governmental Industrial Hygienists
AIA = American Industral Hygiene Association

BEI = Biological Exposure Index

CAS Number = Chemical Abstract Service Registry Number
CERCLA = Comprechensive Environmental Response Compensation and Liability Act (of 1980)
CHAN = Chemical Hazard Alert Notice

CHEMTREC = Chemical Transportation Emergency Center

DOT = Department of Transportation

EC = Europcan Community

EINECS = European Inventory of Existing Chemical Substances
ELINCS = European List of New Chemical Substances

EPA = Environmental Protection Agency

HEPA = 1ligh Efficiency Particulate Air (Filter)

IARC = International Agency for Research on Cancer
ICAQ/IATA = International Civil Aviation Organization/International Air Transport Association
IEG = Lilly Interim Exposure Guideline

IMO = International Maritime Organization

Kow = Octanol/Water Partition Coefficient

LEG = Lilly Exposure Guideline

LEL = Lower Explosive Limit

MSDS = Matcrial Safety Data Sheet

MSHA = Mine Safety and Health Administration

NA = Not Applicable. except in Section 14 where NA = North America
NADA = New Animal Drug Application

NAIF = No Applicable Information Found

NC1 = National Cancer Institute

NIOSH = National Institute for Occupational Safety and Health
NOS = Not Otherwise Specified

NTP = National Toxicology Program

OSHA = Occupational Safety and Health Administration

PEL = Permissible Exposure Limit (OSIHA)

RCRA = Resource Conservation and Recovery Act

RQ = Reportable Quantity

RTECS = Registry of Toxic Effects of Chemical Substances
SARA = Superfund Amendments and Reauthorization Act

STEG = Lilly Short Term Exposure Guideline

STEL = Short Term Exposure Limit

TLV = Threshold Limit Value (ACGIH)

TPQ = Threshold Planning Quantity

TSCA = Toxic Substances Control Act

TWA = Time Weighted Average/8 Hours Unless Otherwise Noted
UEL = Upper Explosive Limit

UN = United Nations

file://Z:\Legacy\EXTRACT 30NOV2006\MSDS htmI\4270173.html 12/7/2006
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WEEL = Workplace Environmental Exposure Level (AIHA)
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Page 1/6
o EﬂZﬂ Safety data sheet

R ' according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

* 11dentification of the substance/mixture and of the company/und

- Product identifier

- Article number: BML-CC104
- CAS Number:
11089-65-9
- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

E - Trade name: Tunicamycin
i

i - Manufacturer/Supplier:

Enzo Life Sciences International, Inc.
10 Executive Boulevard
Farmingdale, NY 11735

US.A.

msds@enzolifesciences.com

- Further information obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-941-0430

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008
s

AN
%, %rf GHS08 health hazard
‘%4"’{!

STOT RE 2 H373 May cause damage to organs through prolonged or repeated exposure.

' - Classification according to Directive 67/548/EEC or Directive 1999/45/EC:
et T4 Very toxic

h26/28: Very toxic by inhalation and if swallowed.

R33: Danger of cumulative effects.
- Information concerning particular hazards for human and environment: Not applicable.
- Label elements
- Labelling according to Regulation (EC) No 1272/2008:
The substance is classified and labelled according to the CLP regulation.
- Hazard pictograms:

4

GHS06 GHS08

‘ - Signal word: Danger

1 - Hazard statements:

H300 Fatal if swallowed.

H330 Fatal if inhaled.

H373 May cause damage to organs through prolonged or repeated exposure.

(Contd. on page 2)
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Page 2/6
Safety data sheet
according to 1807/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

Trade name: Tunicamycin

{Centd. of page 1)

- Precautionary statements

P260 Do not breathe dust/fume/gas/mist/vapours/spray.

P301+P310 IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician.

P316 Immediately call a POISON CENTER or doctor/physician.

P320 Specific treatment is urgent (see on this label).

P405 Store locked up.

P501 Dispose of contents/container in accordance with local/regional/national/intemnational

regulations.

- Other hazards
- Results of PBT and vPvB assessment
- PBT: Not applicable.
- vPvB: Not applicable.

3 Composition/information on ingredients

- Chemical characterization: Substances
- CAS No. Description:

11089-65-9 Tunicamycin
- Identification number{s): Not applicable

4 First aid measures

- Description of first aid measures
- General information:
Immediately remove any clothing soiled by the product.
Remove breathing equipment only after contaminated clothing have been completely removed.
In case of irregular breathing or respiratory arrest provide artificial respiration.
- After inhalation:
Supply fresh air or oxygen,; call for doctor,
In case of unconscicusness place patient stably in side position for transportation.
- After skin contact:
Immediately wash with water and soap and rinse thoroughly.
Remove contaminated clothing.
- After eye contact:
Rinse opened eye for several minutes under running water. Then consult a doctor.
- After ingestion: Do not induce vomiting; call for medical help immediately.
- information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attention and special treatment needed
No further relevant information available.

~ 5 Firefighting measures

* Extinguishing media
- Suitable extinguishing agents:
CO2, powder or water spray. Fight larger fires with water spray of alcohol resistant foam.
- Special hazards arising from the substance or mixture No further relevant information available.
- Advice for firefighters
* Protective equipment:
Mouth respiratory protective device.
Wear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.

{Contd. on page 3)
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Page 3/6
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

Trade name: Tunicamycin

(Contd. of page 2)
Wear fully protective suit.

6 Accidental release measures

* Personal precautions, protective equipment and emergency procedures:

- Environmental precautions: Do not allow to enter sewers/ surface or ground water.
- Methods and material for containment and ¢leaning up:

- Reference to other sections

Avoid formation of dust.
Wear protective clothing.

Dispose contaminated material as waste according to item 13,
Ensure adequate ventilation.

See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for dispesat information.

~ 7 Handling and storage

- Precautions for safe handling:

- Information about fire - and explosion protection: Keep respiratory protective device available.

- Conditions for safe storage, including any incompatibilities
- Storage:
- Requirements to be met by storerooms and receptacles:

- Information about storage in one common storage facility:

- Further information about storage conditions:

- Specific end use(s) No further relevant information available.

Thorough dedusting,
Ensure good ventilation/exhaustion at the workplace.
Open and handle receptacle with care.

Store tightly sealed in a cool, dry and well ventilated location (see fabel for storage temperature and
additional specific information).

Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.

Keep container tightly sealed.
Store under lock and key and with access restricted to technical experts or their assistants only.

8 Exposu_re controls/personal protection

- Additional information about design of technical facilities: No further data; see item 7.

- Control parameters
- Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional information: The lists valid during the making were used as basis.

i
i
i
H
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i
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- Exposure controls
- Personal protective equipment:
- General protective and hygienic measures:

- Respiratory protection:

Keep away from foodstuffs, beverages and feed.
Immediately rermnove all soiled and contaminated clothing
Wash hands before breaks and at the end of work.
Store protective clothing separatsly.

In case of brief exposure or low pollution use respiralory filter device. In case of intensive or longer
exposure use self-contaitted respiratory protective device.

(Contd. on page 4)
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Page 4/6

Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

Trade name: Tunicamycin

{Contd, of page 3}
- Protection of hands:

B8 Protective gloves

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation te the glove material can be given for the productthe
preparation/the chemical mixture,
Selection of the glove matetial on consideration of the penetration times, rates of diffusion and the
degradation

- Material of gloves
The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

1 - Penetration time of glove matetial

| The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be cbserved.

- Eye protection: Not required.

i _
‘ 9 Physical and chemical properties

- General Information :
- Appearance: i
Form: Powder 5
Colour: Off-white
- Qdour: Characteristic
* Odour threshold: Not determined. K
1; - pH-value: Not applicable. j
| - Change in condition 3
’ Melting point/Melting range: Undetermined. 3
i Boiling point/Boiling range: Undetermined. i
| | Flash point: Not applicable.
- Flammability (solid, gaseous): Product is not flammabile,
i | lgnition temperature:
: Decomposition temperature: Not determined.
- Selt-igniting: Not determined.
- Danger of explosion: Product does not present an explosion hazard.
————————— g
| o Explosion limits: !
. Lower: Not determined. i
Upper: Not determined. !
- Vapour pressure: Not applicable. i
- Density: Not determined.
| - Relative density Not determined. ’
- Vapour density Not applicable.
- Evaporation rate Not applicable. ;
' - Solubility in / Miscibility with W‘
i water: Not determined. \
- Segregation coefficient (n-octanol/water): Not determined. :

(Contd. on page 5)
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Trade name: Tunicamycin

Page 5/6
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

(Conid. of page 4)

- Viscosity:
Dynamic: Not applicable,
Kinematic: Not applicable.
- Other information No further relevant information available

- Reactivity
- Chemical stabHity: Stable. Avoid strong oxidizing agents.
- Thermal decompeosition / conditions to be avoided:
No decomposition it used according to specifications,
- Possibility of hazardous reactions: No dangerous reaclions known.
- Conditions to avoid: No further relevant information available.
* Incompatible materials; No further relevant information available.

- Acute toxicity:

~LD/LC50 values reievant for classification:

LDSO_[‘;T(‘)_,A mg/kg (guinea pig} (subcutaneous)
|=0,2 mg/kg (rat) (subcutaneous)

- Primary irritant effect:

- on the skin: Not determined

- oh the eye: Not determined

- Sensitization: No sensitizing effects known.

12 Ecological information

* Toxicity
- Aquatic toxicity: No further relevant information available.

- Persistence and degradability: No further relevant information available.
- Behaviour in environmental systems:
- Bicaccumulative potential: No further relevant information available.
- Mobility in soll: No further relevant information available.
- Additional ecological information:
- General notes:
Water hazard class 3 (German Regulation) (Assessiment by list): extremely hazardous for water
Do not allow product to reach ground water, water course or sewage system, even in small
quantities.
Danger to dtinking water if even extremely small quantities leak into the ground.
: Results of PBT and vPvB assessment
- PBT: Not applicable.
- vPvB: Not applicable.
- Other adverse effects No further relevant information available.

e e B -
(Contd. on page 6)



Page 6/6
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

(Contd. of page 5)

- Wasle treatment methods

- Recommendation:
Must not be disposed together with household garbage. Do not allow product to reach sewage
system.

- Uncleaned packaging:
- Recommendatien: Disposal must be made according to official regulations.

14 Transport information

i - Maritime transport IMDG:
: + Marine pollutant: No

- Special precautions for user: Not applicable.
- Transport in bulk according to Annex [l of MARPOL73/78 and the IBC Code: Not applicable.

15 Regulatory information

i  Chemical safety assessment: A Chemical Safety Assessment has not been carried out.

I 16 Other information LA 5
. This information is based on our present knowledge. However, this shall not constitute a guarantee
i

for any specific product features and shall not establish a legally valid contractual relationship. For
research use only. Not for drug, household or other uses.

' Department issuing MSDS; Customer service
- Contact: tel. +1 810-941-0430
- Abbreviations and acronyms:
IMDG: International Maritime Gods for Dangetous Goods
GHS: Globally Harmonized System of Classification and Labelling of Chemicals
i CAS: Chemical Abstracts Service (division of the American Chemical Society)
| L.C60; Lethal concentration, 50 percent
} LDBO: Lethal dose, 50 parcent

T T
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

(Conld. of page 1)

E.,% N; Dangerous for the environment

R51/63:  Toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment.

Muta. Cat. 3
- Information concerning particular hazards for human and environment: Not applicable.
- Label elements
- Labelling according to Regulation (EC) No 1272/2008:
The substance is classified and labelled according to the CLP regulation.
* Hazard pictograms:

GHS06 GHS08 GHUQ

- Signal word: Danger
* Hazard statements:
H300 Fatal if swallowed.
H341 Suspected of causing genetic defects.
H360D May damage the unborn child.
H411 Toxic to aquatic life with long lasting effects.
* Precautionary statements

P281 Use personal protective equipment as required.

P273 Avoid release to the environment.

P301+P310 IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician.

P321 Specific treatment (see on this label).

P405 Store locked up.

P501 Dispose of contents/container in accordance with local/regional/national/international
regulations.

 Other hazards

- Results of PBT and vPvB assessment
- PBT: Not applicable.

- vPvB: Not applicable.

_ 3 Composition/information on ingredients

 Chemical characterization: Substances
- CAS No. Description:
66-81-9 Cycloheximide
- Identification number(s):
* EINECS Number: 200-636-0
Index number: 613-140-00-8

_ 4First aid measures

- Description of first aid measures
- General information:
Immediately remove any clothing soiled by the product.
In case of irregular breathing or respiratory arrest provide artificial respiration.
- After inhalation:
In case of unconsciousness place patient stably in side position for transportation.
- After skin contact:
Immediately wash with water and soap and rinse thoroughly.
Remove contaminated clothing.

{Contd. on page 3}
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: : Page 1/8
Enzo Safety data sheet

according to 1307/2006/EC, Article 31
Printing date 04.03,2011 Revision: 04.03.2011

1 ldentification of the substance/mixture and of the company/undertaking -

- Product identifier

- Trade name: Cycloheximide
- Synonyms:
Actidione, Naramycin A, 3-[2-(3,5-Dimethyi-2-oxocyclohexyl)-2-hydroxyethyl]glutarimide

- Article number: ALX-380-269
- CAS Number:
66-81-9
- EINECS Number:
200-636-0
- Index number:
613-140-00-8
- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

' Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

Enzo Life Sciences International, Inc.

10 Executive Boulevard

Farmingdale, NY 11735

U.S.A,

msds@enzolifesciences.com

- Further information obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-941-0430

2 Hazards identification

: Classification of the substance or mixture
* Classification according to Regulation (EC) No 1272/2008

2D
€, oe, 3 GHS06 skull and crossbones
1:\1"’#"/
Acute Tox. 2 H300 Fatal if swallowed.
ﬁ"ﬁ\
{\ :}‘ GHS08 health hazard
e

Muta. 2 H341 Suspected of causing genetic defects.
Repr. 1B H360D May damage the unborn child.
s
e 2N ;
e,,%‘\_ L. > GHS09 environment
mw,

Aguatic Chronic 2 H411  Toxic to aquatic life with long lasting effects.
- Classification according to Directive 67/548/EEC or Directive 1999/45/EC:
T+; Very toxic

R40-68: Limited evidence of a carcinogenic effect. Possibfe risk of irreversible effects.
{Corid. on page 2}
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Conld. of page 2)
Seek medical attention if symptoms appear.
* After eye contfact:
Rinse opened eye for several minutes under running water. Then consult a doctor.
- After ingestion: Do not induce vomiting; call for medical help immediately.
- Information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attention and special treatment needed
No further relevant information available.

S Firefighting measures

- Extinguishing media
- Suitable extinguishing agents:
CO2, powder or water spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from the substance or mixture
No further relevant information available.
- Advice for firefighters
- Protective equipment;
Wear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.
Wear fully protective suit.

' 6 Accidental release measures

- Personal precautions, protective equipment and emergency procedures:
Avoid formation of dust.
Wear protective clothing.
- Environmental precautions:
Inform respective authorities in case of seepage into water course or sewage system.
Do not allew to enter sewers/ surface or ground water.
- Methods and material for containment and cleaning up:
Dispose contaminated material as waste according to item 13.
- Reference to other sections
See Section 7 for information on safe handling.
See Sectien 8 for information on personal protection equipment.
See Section 13 for disposal information.

~ 7 Handling and storage

- Handling:
- Precautions for safe handling:
Thorough dedusting.
Open and handle receptacle with care.
- Information about fire - and explosion protection: Keep respiratory protective device available.

- Storage: .

- Reguirements to be met by storerooms and receptacles:
Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information).

- Information about storage in one common storage facility:
Keep away from heat, scurces of ignition and incompatibles such as oxidizing agents.

- Further information about storage conditions:

Store under lock and key and with access restricted to technical experts or their assistants only.
(Contd. on page 4}
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Corid. of page 3}
- Specific end use(s) No further relevant informaticn available.

8 Exposure controls/personal protection

- Additional information about design of technical facilities: No further data; see item 7.

- Control parameters
- Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional information: The lists valid during the making were used as basis.

- Exposure controls

- Personal protective equipment:

- General protective and hygienic measures:
Keep away from foodstuffs, beverages and feed.
Immediately remove all soiled and contaminated clothing
Wash hands before breaks and at the end of work.
Store protective clothing separately.

- Respiratory protection: Not required.

: Protection of hands:

B Protective gloves

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation to the glove material can be given for the product/the
preparationfthe chemical mixture.
Selection of the glove material on consideration of the penetration times, rates of diffusien and the
degradation

- Material of gloves
The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

- Penetration time of glove materlal
The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be observed.

- Eye protection:

' 'j: Tightly sealed goggles

- 9 Physical and chemical properties

- Information on bawsﬂi;[r)'r'\ysical and chemical properties S
- General Information

- Appearance: :
Form: Powder
Colour: White to yellow ;

: Odour: Characteristic %

- Odour threshold: Not determined.

- pH-value: Not applicable. i

AL a b i

- Change in condition i
Melting point/Melting range: 116 (2)°C
Boiling point/Boiling range: Undetermined. ;

(Cé&id. on pagé 5}
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according to 1907/2006/EC, Article 31

Printing date 04.03.2011

Safety data sheet

Page 5/8

Revision; 04.03.2011

Trade name: Cycloheximide

- Flash point:

Not applicable,

 Flammability (solid, gaseous):

Product is not ﬂammaslrej.w :

- lgnition temperature:

{Conld. of page 4)

Decomposition temperature:

- Self-igniting:

Not determined.

Not determined.

- Danger of explosion:

Product does not present an explosion hazard.

SR 4

- Explosion limits:

- Evaporation rate

Not applicable.

Lower: Not determined.
Upper: Not determined.
-Vapour pressure: Not applicable.
- Density: Not determined.
' Relative density Not determined.
*Vapour density Not applicable.

- Solubllity in / Miscibility with
water:

Not determined.

- Begregation coefficient (n-octanol/water): Not determined.

- Viscosity: -
Dynamic: Not applicable. :
Kinematic: Not applicable, |

|
.

'  Other information No further relevant information available.

10 Stability and reactivity

- Reactivity
- Chemical stability: Stable. Avoid strong oxidizing agents.
* Thermal decomposition f conditions to be avoided:
Neo decomposition if used according to specifications.
- Conditions to avoid: No further relevant information available.
* Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

11 Toxicological information

- Information on toxicelogical effects
- Acute toxicity:
I - LDILC50 values relevant for classification: T T
" Oral[LD50 165 mg/kg {dog) o )
65 mg/kg (guinea pig)
60 mg/kg {monkey)
E 133 mg/kg {mouse)
2 mg/kg (rat) ;
= LD50 {4 mgfkg (cat) (intraperitoneal} i
; 1 mg/kg (dog) (intravenous) :
| 60 mg/kg (guinea pig) (intraperitoneal !
{Contd. on page 6)
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Contd. of page 5)

4]
1

60 mg/kg (guinea pig) (subcutaneous)
100 mg/kg (mouse) (intraperitoneal)
150 mg/kg (mouse) (intravenous)

i 160 mg/kg (mouse) (subcutaneous)
3,7 mg/kg (rat) {intraperitoneal)

2 mg/kg {rat) (intravenous)

17 mglkg (rabbit} (intravencous)

- Primary irritant effect:

- on the skin: Not determined

- on the eye: Not determined

- Sensitization: No sensilizing effects known.

- CMR effects (carcinogenity, mutageniclty and toxicity for reproduction)
Muta. Cat. 3, Repr, Cat. 2

12 Ecological information

- Toxicity

- Aquatic toxicity: No further relevant information available.

- Persistence and degradability: No further relevant informaltion available.

- Behaviour in environmental systems:

- Bioaccumulative potential: No further relevant information available.

- Mobility in soil: No further relevant information available,

- Ecotoxical effects:

 Remark: Toxic for fish

* Additional ecological information:

- General notes:
Water hazard class 3 (German Regulation} (Assessment by list): extremely hazardous for water
Do not atlow product to reach ground water, water course or sewage system, even in small
quantities,
Danger to drinking water if even extremely stnall quantities leak into the ground.
Also poisonous for fish and plankton in water bodies,
Toxic for agquatic organisms

- Results of PBT and vPvB assessment

- PBT: Not applicable.

-vPvB: Not applicable.

- Other adverse effects No further relevant information avaitable.

13 Disposal considerations

* Recommendation:
Must not be disposed together with household garbage. Do not allow product to reach sewage
system.

*Uncleaned packaging:
" Recommendation: Disposal must be made according to official regulations.

Eu—
(Conltd. on page 7)



Page 7/8

Safety data sheet
according fo 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Contd. of page 6)

14 Transport information
- S

- Land transport ADR/RID {(cross-border)

|
- ADR/RID class: 6.1 Toxic substances. i
- Danger code (Kemler): 66
- UN-Number: 2588 '
- Packaging group: |
- Hazard label: 6.1
- Special marking: Symbol (fish and tree)

- UN proper shipping name: 2588 PESTICIDE, SOLID, TOXIC, N.O.S. {Cycicheximide)
- Tunnel restriction code  C/E

- Maritime transport IMDG:

-iMDG Class: 6.1 |
- UN Number: 2588
- Label 6.1 5
- Packaging group: | :
- EMS Number: F-A,S-A

- Marine pollutant: No

- Proper shipping name: PESTICIDE, SOLID, TOXIC, N.O.8. (Cycloheximide})
- Air transport ICAO-TI and IATA-DGR.:

C
*ICAO/IATA Class: 6.1
- UN/ID Number: 2588
{ - Label 6.1 :
- Packaging group: 1 3

- Proper shipping name: PESTICIDE, SOLID, TOXIC, N.Q.8. (Cycloheximide}

“UN "Model Regulation": UN2588, PESTICIDE, SOLID, TOXIC, N.O.S., 6.1, |

* Environmental hazards: Environmentally hazardous substance, solid; Marine Pollutant

- Special precautions for user: Warning: Toxic substances.

- Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code: Not applicable.

15 Regulatory information

 Chemical safety assessment: A Chemical Safety Assessment has not been carried out.

16 Other information

This information is based on our present knowledge. However, this shall not constitute a guarantee
for any specific product features and shall not establish a legally valid contractual relationship. For
research use only. Not for drug, househald or other uses,

- Department issuing MSDS: Customer service
- Contact: tel. +1 610-941-0430

{Contd. on page 8}
EU—




Page 8/8
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 04.03.2011 Revision: 04.03.2011

Trade name: Cycloheximide

{Conid. of page 7}

+ Abbreviations and acronyms:

ADR: Accord suropéen sur le transport des marchandises dangereuses par Route (European Agreement concerning the

Internationat Carriage of Dangerous Goods by Road)

RID: Reglement international concernant le transport des marchandises dangereuses par chemin de fer (Regulations

Congeming the International Transport of Dangerous Goods by Rail}

IMDG: international Maritime Code for Dangerous Goods

IATA: International Air Transport Association

IATA-DGR: Dangerous Goods Regulations by the "International Air Transport Association” (IATA)

ICAQ: International Civil Aviation Organization

ICAO-T!: Technical Instructions by the "international Civil Aviation Organization” (ICAQ)

GHS: Globalty Harmonized System of Classification and Labelling of Chemicals

EINECS: European Inventory of Existing Commercia! Chemical Substances

CAS: Chemical Abstracts Service (division of the American Chemical Society)

LC50: Lethal concentration, 50 percent

LD50: Lethal dose, 50 percent

EU —
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Page 4/5
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 01.07.2011 Revision: 01.07.2011

Trade name: MG-132

: S;c;.-jkl"'egation coefﬁcient {n-octanol/water): Not determined.

i
|
| S
i
i

(Contd. of page 3)

" Viscosity:
| Dynamic: Not applicable.
| Kinematic: Not applicable.
i - Other information No further relevant information available.

10 Stability and reactivity

- Reactivit
- Chemical stability: Stable. Avoid strong oxidizing agents.
- Thermal decomposition / conditions to be avoided:
No decomposition if used according to specifications.
* Possibility of hazardous reactions: No dangerous reactions known.
* Conditions to avoid: No further relevant information available.

* Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

11 Toxicological information

- Information on toxicological effects

- Acute toxicity:

- Primary irritant effect:

- on the skin: Not determined

- on the eye: Not determined

- Sensitization: No sensitizing effects known.

* Additional toxicological information:
When used and handled according to specifications, the product does not have any harmful effects
to our experience and the information provided to us.
The substance is not subject to classification according to the latest version of the EU lists.

e e L T s e g

12 Ecological information

- Toxicity

- Aquatic toxicity: No further relevant information available.

- Persistence and degradability: No further relevant information available.
- Behaviour in environmental systems:

- Bioaccumulative potential: No further relevant information available.

- Mobility in soil: No further relevant information available.

- Results of PBT and vPvB assessment

- PBT: Not applicable.

- VPVB: Not applicable.

- Other adverse effects No further relevant information available.

13 Disposal considerations

- Waste treatment methods
- Recommendation: Smaller quantities can be disposed of with household waste.

(Contd. on page 5
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Page 2/5
Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 01.07.2011 Revision: 01.07.2011

Trade name; MG-132

(Contd. of page 1)
* Information for doctor:
! - Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attention and special treatment needed
No turther relevant information available.

~ 5 Firetighting measures

i - Extinguishing media

: - Suitable extinguishing agents:

{ CO2, powder or water spray. Fight larger fires with water spray or alcahol resistant foam,

f - Special hazards arising from the substance or mixture No further relevant information available.
| - Advice for firefighters

i * Protective equipment:
L

Wear self-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.
Wear fully protective suit.

6 Accidental release measures

' Personal precautions, protective equipment and emergency procedures:
Avoid formation of dust.
Wear protective clothing.
- Environmental precautions: No special measures required.
- Methods and material for containment and cleaning up: Pick up mechanically.
- Reference t¢ other sections
No dangerous substances are released.
See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

- Precautions for safe handling: No special measures required.
- Information about fire - and explosion protection: No special measures required.

' Conditions for safe storage, including any Incompatibilities

- Storage:

 Requirements to be met by stererooms and receptacles:
Store tightly sealed in a cool, dry and well ventilated location (see |abel for storage temperature and
additional specific information).

* Information about storage in one common storage facility:
Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.

* Further information about storage conditions:
Store under lock and key and with access restricted to technical experts or their assistants only.

- Specific end use{s) No further relevant information available.

8 Exposure controls/personal protection

- Additional information about design of technical facilities: No further data; see item 7.

- Control parameters
- Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional information: The lists valid during the making were used as basis.

(Contd. on page 3)
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Printing date 01.07.2011 Revision: 01.07.2011

: Page 1/5
o EHZO Safety data sheet

according to 1907/2006/EC, Article 31

1 ldentification of the substance/mixture and of the company/undertaking

- Product identifier
* Trade name: MG-132
- Synonyms: Z-Leu-Leu-Leu-CHO

- Article number: BML-P1102
- CAS Number:

- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laberatory chemicals

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

- Further information obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-941-0430

133407-82-6

Enzo Lite Sciences International, Inc.
10 Executive Boulevard
Farmingdale, NY 11735

US.A,

msds@enzolifesciences.com

2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008
The substance is not classified according to the CLP regulation.

- Classification according to Directive 67/548/EEC or Directive 1999/45/EC: Not applicable.
- Information concerning particular hazards for human and envirenment: Not applicable.
- Label elements

- Labelling according to Regulation (EC} No 1272/2008: Void

- Hazard pictograms: Void

- Signal word: Void

- Hazard statements: Void

- Other hazards

- Results of PBT and vPvB assessment

- PBT: Not applicable.

- vPvB: Not applicable.

3 Composition/information on ingredients

- Chemical characterization: Substances
+ CAS No. Description:

- Identification number(s): Not applicable

133407-82-6 MG-132

U

‘4 First aid measures

- Description of first ald measures

* General information: No special measures required.

- After inhalation: Supply fresh air; consult doctor in case of complaints.

- After skin contact: Remove contaminated clothing.

- After eye contact: Rinse opened eye for several minutes under running water.
- After ingestion: If symptoms persist consult doctor.

(Contd. oh page 2)
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Safety data sheet
according to 1907/2006/EC, Article 31

e

E Tradename MG-132

Printing date 01.07.2011 Revision; 01.07.2011

- Exposure controls
* Personal protective equipment:
- General protective and hygienic measures:

- Respiratory protection: Not required.
- Protection of hands:

- Material of gloves
- Penetration lime of glove material

* Eye protection: Not required.

{Contd. of page 2)

The usual precautionary measures are to be adherad to when handling chemicals.

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation,

Due to missing tests no recommendation to the glove material can be given for the product/the
preparation/the chemical mixture.

Selfection of the glove material on consideration of the penetration times, rates of diffusion and the
degradation

The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

The exact break through time has to be found out by the manufacturer of the protective gloves and
has to be observed.

- 9 Physical and chemical properties

- Information on basic physical and chemical properties ‘
- General Information j

- Appearance: ‘
Form: Solid |
Colour: White |

- Odout: Characteristic ;

- Odour threshold; Not determined.

| pH value Not apphcable
|- Change in condition
Meling point/Melting range: Undetermined.
B Bo:llng point/Boiling range: Undetermined. i
Flash pomt Not applicable.
Flammablluy {solid, gaseous): Product is not flammable.
- Ignition temperature:
! Decomposition temperature: Not determined.
i - Self-igniting: _Not determined.
: Danger of explosion: Product does not present an explosaon hazard
- Explosion limits:
Lower: Not determined.
Upper: Mot determined. .

* Vapour pressure: Not applicable.

- Density: Not determined.

- Relative density Not determined.

' Vapour density Not applicable. i

i - Evaporation rate Not applicable. i

| . M P S

- Solubility in / Miscibility with
water: Insoluble,

mI(Comd on page4
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Safety data sheet
according to 1907/2006/EC, Article 31

Printing date 01.07.2011 Revision: 01.07.2011

Trade name; MG-132

- Recommendation: Disposal must be made according to official regulations,

e O

; - Uncleaned packaging:

14 Transport information

UNNun]be[ B Not app-l_iéab!e
B UN proper shipping name Not applicable
- Transport hazard class(es) Not applicable )
| |- Packing group Not applicable
E - Environmental hazards: B -
* Marine pollutant: No
- Special p;‘-;c_é,qtjons for user: Not applicable. v -

- Transport in bulk according to Annex Il of
3/78 and the IBC Code: Not applicable.

16 Other Information

This informaticn is based on our present knowledge. However, this shall not constitute a guaranee
for any spacific product features and shall not establish a legally valid contractual relationship. For
research use only. Not for drug, household or other uses,

- Department issuing MSDS: Customer service
- Contact: tel. +1 610-941-0430
- Abbreviations and acronyms:

GHS: Globally Harmonized System of Classification and Labelling of Chemicals
CAS: Chemical Abstracts Service (division of the American Chemical Society)

-y —



SIGMA-ALDRICH =
Material Safety Data Sheet

Version 3.1
Revision Date 10/23/2010
Print Date 08/29/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name : Calpain Inhibitor |

Product Number . AB185

Brand . Sigma

Product Use . For laboratory research purposes.

Supplier . Sigma-Aldrich Canada, Ltd Manufacturer : Sigma-Aldrich Corporation
2149 Winston Park Drive 3050 Spruce St.
OAKVILLE ON L6H 648 St. Louis, Missouri 63103
CANADA USA

Telephone . +1 9058299500

Fax ;. +1 9058299292

Emergency Phone # (For : 1-800-424-9300

both supplier and

manufacturer)

Preparation Information :  Sigma-Aldrich Corporation

Product Safety - Americas Region
1-800-521-8956

2. HAZARDS IDENTIFICATION
Emergency Overview

WHMIS Classification
Not WHMIS controlled. Not WHMIS controlled.

Not a dangerous substance according to GHS.
HMIS Classification

Health hazard: 0
Flammability: 0
Physical hazards: 0
Potential Health Effects
Inhalation May be harmful if inhaled. May cause respiratory tract irritation.
Skin May be harmful if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.
Ingestion May be harmful if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Synonyms * ALLN
MG-101
Ac-LLnL-CHO
N-Acetyl-Leu-Leu-Norleu-al
N-Acetyl-L-leucyl-L-leucyl-L-norleucinal

Formula . CogH37N304
Molecular Weight . 383.53 g/mol
CAS-No. [ EC-No. [ Index-No. [ Concentration

Calpain Inhibitor |
110044-82-1 [ [ - [ -

Sigma - A6185 Page 1 of 6



4, FIRST AID MEASURES

If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration.

In case of skin contact
Wash off with soap and plenty of water.

In case of eye contact
Flush eyes with water as a precaution.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water.

5. FIRE-FIGHTING MEASURES

Conditions of flammability
Not flammable or combustible.

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire fighting if necessary.

Hazardous combustion products
Hazardous decomposition products formed under fire conditions. - Carban oxides, nitrogen oxides (NOx)

Explosion data - sensitivity to mechanical impact
no data available

Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Avoid dust formation. Avoid breathing vapors, mist or gas.

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up
Sweep up and shovel. Keep in suitable, closed containers for disposal.

7. HANDLING AND STORAGE

Precautions for safe handling
Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated place.

Recommended storage temperature; -20 °C

Keep in a dry place.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substances with occupational exposure limit values.
Personal protective equipment

Respiratory protection

Respiratory protection is not required. Where protection from nuisance levels of dusts are desired, use type N95
(US) or type P41 (EN 143) dust masks. Use respirators and components tested and approved under appropriate
government standards such as NIOSH (US) or CEN (EU).

Sigma - AB185 Page 2 of 6



Hand protection

Handle with gloves, Gloves must be inspected prior to use. Use proper glove removal technique {without touching
glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratory practices. Wash and dry hands.

Eye protection
Use equipment for eye protection tested and approved under appropriate government standards such as NIOSH
{US) or EN 166({EU).

Skin and body protection

Choose body protection in relation to its type, to the concentration and amount of dangerous substances, and to the
specific work-place., The type of protective equipment must be selected according to the concentration and amount
of the dangerous substance at the specific workplace.

Hygiene measures
General industrial hygiene practice.

Specific engineering controls
Use mechanical exhaust or laboratory fumehood to avoid exposure.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form powder
Colour white

Safety data

pH

Melting/freezing
point

Boiling point
Flash point
Ignition temperature

Autoignition
temperature

Lower explosion limit
Upper explasion limit
Vapour pressure
Density

Water solubility

Partition coefficient:
n-octanol/water

Relative vapour
density

Odour
Odour Threshold

Evaporation rate

no data available

no data available

no data available
no data available
no data available

no data available

no data available
no data available
no data available
no data available
no data available

no data available

no data available

no data available
no data available

no data available

10. STABILITY AND REACTIVITY

Chemical stability
Stable under recommended storage conditions.

Possibility of hazardous reactions
no data available

Sigma - A6185 Page 3 of 6



Conditions to avoid
no data available

Materials to avoid
Strong oxidizing agents

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx)

11, TOXICOLOGICAL INFORMATION
Acute toxicity

Oral LD50
no data available

Inhalation LC50
no data available

Dermal LD50
no data available

Other information on acute toxicity
no data available

Skin corrosionfirritation
no data available

Serious eye damage/eye irritation
no data available

Respiratory or skin sensitization
no data available

Germ cell mutagenicity
no data available

Carcinogenicity

IARC; No component of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by ACGIH.

Reproductive toxicity

no data available
Teratogenicity

no data available

Specific target organ toxicity - single exposure {Globally Harmonized System)
no data available

Specific target organ toxicity - repeated exposure (Globally Harmonized System)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalation May be harmful if inhaled. May cause respiratory tract irritation.
Ingestion May be harmful if swallowed.

Skin May be harmful if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.
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Signs and Symptoms of Exposure
To the best of our knowledge, the chemical, physical, and toxicological properties have not been thoroughly investigated.

Synergistic effects
no data available

Additional Information
RTECS: Not available

12. ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and dedradabitity
no data available

Bioaccumulative potential
no data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available

13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable solutions to a licensed disposal company.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION
DOT (USs)
Not dangerous goods

IMDG
Not dangerous goods

IATA
Not dangerous goods

15. REGULATORY INFORMATION

DSL Status
This product contains the following components that are not on the Canadian DSL nor NDSL lists.
CAS-No.
Calpain Inhibitor | 110044-82-1
WHMIS Classification
Not WHMIS controlled. Not WHMIS controlled.

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the
MSDS contains all the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Further information
Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.
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The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicabte to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aidrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product. See reverse side of invoice or packing slip for additional terms and conditions of sale.
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Trade name: Y-27632 hydrocr}o}ide
I ' T (Contd. ol page?)

. 6 Accidental release measures

ey

- Personal precautions, protective equipment and emergency procedures:
Avoid formation of dust.

| Wear protective clothing.

i - Environmental precautions: No special measures required.

- Methods and material for containment and cleaning up:
Dispose contaminated material as waste according to item 13.

| Ensure adequate ventilation.

i - Reference to other sections

5 See Section 7 for information on safe handling.

See Section 8 for information on personal protection equipment.

i See Section 13 for disposal information.

_ 7 Handling and storage

- Handling:
- Precautions for safe handling:
Prevent formation of dust.
Ensure good ventilation/exhaustion at the workplace.
- Information about fire - and explosion protection: No special measures required.

{ - Conditions for safe storage, including any incompatibilities
! - Storage:
* Requirements to be met by storerooms and receptacles:
Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information).
- Information about storage in one common storage facility:
Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.
- Further information about storage conditions:
Keep container tightly sealed.
! Store under lock and key and with access restricted to technical experts or their assistants only.
; - Specific end use(s) No further relevant information available.

- Additional information about design of technical facilities: No further data; see item 7.

- Control parameters
* Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional information: The lists valid during the making were used as basis.

* Personal protective equipment:
- General protective and hygienic measures:
Keep away from foodstuffs, beverages and feed.
Wash hands before breaks and at the end of work.
Avoid contact with the eyes and skin.
- Respiratory protection:
In case of brief exposure or low pollution use respiratory filter device. In case of intensive or longer
i exposure use self-contained respiratory protective device.
! - Protection of hands:

(Contd. on page 4)
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1 Identification of the substance/mixture and of the company/uﬁdértaking

- Product identifier

- Trade name: Y-27832 hydrochloride
- Synonyms: (R)-(+)-irans-N-(4-Pyridyl)-4-{1 -aminoethyl)-cyclohexanecarboxamide . 2ZHCI

- Article number: ALX-270-333
- CAS Number:
146986-50-7
- Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

- Detalls of the supplier of the safety data sheet
- Manufacturer/Supplier:

Enzo Life Sciences International, Inc.

10 Executive Boulsvard

Farmingdale, NY 11735

US.A.

msds@enzolifesciences.com

- Further information obtainable from: Customer setvice
- Emergency telephone number: During normal opening times: +1 610-941-0430

2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008

Acute Tox. 4 H302 Harmful if swallowed,
Acute Tox. 4 H312 Harmful in contact with skin.
Acute Tox. 4 H332 Harmful if inhaled. - _
- Classification according to Directive 67/648/EEC or Directive 1999/45/EC:
P Xn; Harmtul

R20/21/22-48:  Harmiul by inhalation, in contact with skin and if swallowed. Danger of serious
damage to health by prolonged exposurs.
- Information concerning particular hazards for human and environment: Not applicable.

- Label elements
- Labelling according to Regulation (EC) No 1272/2008:
The substance is classified and labelled aceording to the CLP regulation.

- Hazard pictograms:

a5
x“m‘:f

GHS807

- Signal word: Waming

- Hazard-determining components of labelling: Void
- Hazard statements:
H302 Harmful it swallowed.
H312 Harmful in contact with skin.
H332 Harmful if inhaled.
- Precautlonary statements
P261 Avoid breathing dustfume/gas/mist/vapours/spray.

P280 Wear protective gloves/protective clothing/eye protection/tace protection.
(Contd. on page 2)
EU —=




Page 4/6
Safety data sheet
according to 1907/2006/EC, Article 31

Ptinting date 08.12.2010 Revision: 08.12.2010

Trade name: Y-27632 hydrochloride

- Material of gloves

- Penetration time of glove material

* Eye protection: Not required,

(Contd. of page 3}
The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation to the glove material can be given for the productithe
preparation/the chemical mixture.
Selection of the glove material on consideration of the penetration times, rates of diffusion and the
degradation

The selection of the suitable gloves does not only depend on the material, but alsc on further marks
of quality and varies from manufacturer to manufacturer,

The exact break through time has to be found out by the manufacturer of the protective gloves and
has o be observed.

9 Physical and chemical properties

- Information on basic physical and chemical properties
- General Information !

- Appearance: ’
Form: Not determined. |
Colour: Not determined.

- Odour: Characteristic

- Odour threshold: Not determined.

- pH-value: Not determined.

- Ghange in condition
Melting point/Melting range: Undetermined.

Boiling peint/Boiling range: Undetermined.

- Flash point: Not applicabte,

- Ignition temperature: [
Decomposition temperature: Not determined. B t

- Self-igniting: Not determined.

- Danger of explosion: Product does not present an explosion hazard.

1

- Explosion limits:; ‘
Lower: Not determined.

Upper: Not determined.

- Vapour pressure: Not determined. .

- Density: Not determinad. |

- Relative density Not determined. i

- Vapour density Not determined. !

- Evaporation rate Not applicable.

- Solubility in / Miscibility with

water: Not determined.

- Viscosity:
Dynamic: Not determined.
Kinematic: Not determined.
- Other information No further relevant information available. ;

gy —
(Contd. on page 5)
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p322 Specific measures (see on this label).

P301+P312 IF SWALLOWED: Call a POISON CENTER or doctor/physician If you feel unwell.
P304+P340 [F INHALED: Removs victim to fresh air and keep at rest in a position comfortable for
i breathing.
P501 Disposegof contents/container In accordance with local/regional/national/international
regulations.
- Other hazards
- Results of PBT and vPvB assessment
- PBT: Not applicabls.
- vPvB: Not applicable.

~ 3 Composition/information on ingredients

- Chemical characterization: Substances
- CAS No. Description:

146086-50-7 Y-27632 hydrochlotide
- Identification number(s): Not determinsd

4 First aid measures

- Description of first aid measures
* General information:
Symptoms of polsoning may even occur after several hours; therefore medical observation for at
least 48 hours after the accident.
- After inhalation:
Supply fresh air. If required, provide artificial respiration. Keep patient warm. Consult doctor it
i symptoms persist.
| In case of unconsciousness place patient stably in side position for transportation.
i - After skin contact:
Immediately wash with water and soap and rinse thoroughly.
Remave contaminated clothing.
- After eye contact:
Rinse opened eye for several minutes under running water. Check for and remove contact lenses. If
symptoms persist, consult a doctor.
* After ingestion: Call for a doctor immadiately.
- Information for dector:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
* Indicatien of any immediate medical attention and special treatment needed
No further relevant information available.

RO

5 Firefighting measures

- Extinguishing media

* Suitable extinguishing agents:
! CO2, powder or water spray. Fight larger fires with water spray or alcohol resistant foam.

- Special hazards arising from the substance or mixture No further relevant information available.
- Advice for firefighters

- Protective equipment:

| Mouth respiratory protective device.

| Wear self-contained respiratory protective device.

; Do notinhale explosion gases or combustion gases.
Wear fully protective suit.

e By

(Contd. on page 3)



Page 5/6
Safety data sheet
according to 1907/2006/EC, Article 31

Ptinting date 08.12.2010 Revision: 08.12.2010

(Contd. of page 4)

i
| Reactivity

' - Chemical stability: Stable. Avoid strong oxidizing agents.
|

l

- Thermal decomposition / conditions to be avoided:

Ne decomposition if used according to specifications.
- Possibility of hazardous reactions: No dangerous reactions known,
- Conditions to avoid: No further relevant information available.

- Information on toxicological effects

- Acute toxicity:

* Primary irritant effect:

- oh the skin: No irritant effect.

{ - on the eye: No irritating effect.

- Sensitization: No sensitizing effects known.

12 Ecological information

|
i
i - Toxicity

! - Aquatic toxicity: No further relevant information available.

| - Persistence and degradability: No further relevant information available.
; - Behaviour in enviropnmental systems:

- Bioaccumulative potential: No further relevant information available.

- Mobility in soil: No further relevant information available.

- Results of PBT and vPvB assessment

- PBT: Not applicable.

- vPvB: Not applicable.

- Other adverse effects No further relevant information available.

[ —

13 Disposal considerations

- Waste treatment methods

- Recommendation:
Must not be disposed together with household garbage, Do not allow product to reach sewage
system.

14 Transport information

- Maritime transport IMDG:
- Marine pollutant: No

- Special precautions for user: Not applicable.

- Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code: Not applicabls.

s - [ Y

{Contd. on page 6)
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15 Regulatory information

16 Other information

This information is based on our present knowledge. However, this shall not constitute a guarante
for any specific product teatures and shall not establish a legally valid contractual relationship. For
research use only. Not for drug, household or other uses.

- Department issuing MSDS: Customer service
- Gontact: tel. +1 610-941-0430

- Abbreviations and acronyms:
IMDG: International Maritime Code for Dangerous Goods
GHS: Globally Harmonized System of Classification and Labelling of Chemicals
CAS: Chemical Abstracts Service (division of the American Chemical Socisty)

gl —



BIO BASIC INC.
160 Torbay Road, Markham Ontario. L3R 1G6 Canada
Tel: (905) 474 4493, (800) 313 7224 Fax: (905) 474 5794
MATERIAL SAFETY DATA SHEET
REQUIRED UNDER SAFETY AND HEALTH REGULATION FOR SHIP REPAIRING

MANUFACTURER'S NAME: BIO BASIC INC.

TEL: (905)474 5794
FAX: (416) 995 9730
FOR CHEMICAL EMERGENCY: (416) 995 9730
ADDRESS: 160 Torbay Road, Markham Ontario. L3R 1G6 Canada

UPDATLED: May 2007

SECTION 1. --------- CHEMICAL IDENTIFICATION----------

CODE#: DB00S8

NAME: DTT (DL-DITHIOTHREITOL)

SECTION 2. - - - - - COMPOSITION/INFORMATION ON INGREDIENTS - - - - - -
CHEMICAL NAME: CAS#: RTECS #: %:

DL-DITHIOTHREITOL 3483-12-3 X08576500 >98.5

FOR MORE INFORMATION SEE COMPLETE RTECS ENTRY.

MI: C4H100282

EC NO: 248-531-9

SYNONYMS

2 3-BUTANEDIOL, | 4-DIMERCAPTO-, DL-THREO- * 2,3-BUTANEDIOL, 1 4-
DIMERCAPTO-, (R* R*)- (+-)- (9CI) * CLELAND'S REAGENT * DL-THREO-1 4-
DIMERCAPTO-2 3-BUTANEDIOL * (R* R#¥)-(+-)-1 4-DIMERCAPTQO-2 3-
BUTANEDIOL * DITHIOTHREITOL #* DL-DITHIOTHREITOL * DL-1 4-
DITHIOTHREITOL * RAC-DITHIOTHREITOL *

SECTION 3. -~ -------- HAZARDS IDENTIFICATION - - - - - -- - -

LABEL PRECAUTIONARY STATEMENTS

IRRITANT

IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN.

TOXIC

HARMFEUL BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.
TARGET ORGAN(S):

CENTRAL NERVOUS SYSTEM

IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATER AND SEEK MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING.

SECTION 4. - - - - ------ FIRST-AID MEASURES- - -- - ------

IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS
AMOUNTS OF WATER.

IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF
WATER FOR AT LEAST 15 MINUTES.

IIF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON 1S CONSCIOUS.
CALL A PHYSICIAN.

DISCARD CONTAMINATED CLOTHING AND SHOES.

SECTIONS.--------- FIRE FIGHTING MEASURES - - - - - - - - - -
EXTINGUISHING MEDIA

CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

Page 2 ol 2
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EXPOSURE CAN CAUSE:

NAUSEA, HEADACHE AND VOMITING

CNS DEPRESSION

CHRONIC EFFECTS

TARGET ORGAN(S):

CLENTRAL NERVOUS SYSTEM

TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROQUGHLY INVESTIGATED.
RTECS #: XO8576500

THREITOL, | 4-IDITHIO-, DL-

TOXICITY DATA

ORL-RAT LD50: 400 MG/KG

[PR-MUS [.D30:169 MG/KG JMCMAR 15,600,1972

SCU-MUS LD50:333 MG/KG ARZNAD 22,1434,1972

TVN-MUS LD50:94 MG/KG ARZNAD 22,1434,1972

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES
(RTECS) DATA I8 PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR
COMPLETLE INFORMATION.

SECTION 12, - - oo oo e ECOLOGICAL INFORMATION - - - - - - - - - -
DATA NOT YET AVAILABLE.

SECTION 13, <o amm oo DISPOSAL CONSIDERATIONS - - - - - - -

OBSERVE ALL FEDERAL, STATE AND LOCAL ENVIRONMENTAL REGULATIONS.
SECTION 14 - o oo TRANSPORT INFORMATION - < - - - - - - -

NOT REGULATED.

SECTION 15, -~ - -~ REGULATORY INFORMATION - - - - - - - - -

EUROPEAN INFORMATION

TOXIC

R 23/24/25

TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.
IRRITANT

R 36/37/3%

IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN.

5: 36/31/39

WEAR SUITABLE PROTECTIVE CLOTHING, GLOVES AND EYE/FACE PROTECTION.
REVIEWS, STANDARDS, AND REGULATIONS

QEL=MAK
NOES 1983: HZD X2950; NIS 1; TNF 35: NOS 3; TNE 627: TFE 436
SECTION 16, ---------- OTHER INFORMATION-- - - - - - -~ - - -

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO
BLI ALL INCILUSIVE AND SHALL BE USED ONLY AS A GUIDE. BIO BASIC INC. SHALL.
NOT

BL: HELD LIABLLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT
WITH THI: ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL TERMS AND CONDITIONS OF SALE.



WEAR SELTF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING 1O
PREVENT CONTACT WITH SKIN AND EYES.

USEWATER SPRAY TO COOL FIRE-EXPOSED CONTAINERS.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS

LEMITS TOXIC FUMES UNDER FIRE CONDITIONS.

SECTION6. - - - - - - -- ACCIDENTAL RELEASE MEASURES---------

EVACUATE AREA.

WLEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY
RUBBER GLOVES.

SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.

AVOIHD) RAISING DUST.

VENTILATE ARLEA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLI-TI:.

SECTIONT. ---------- HANDLING AND STORAGE- - - - - - - - - - -
REFIER TO SECTION 8.
SECTION 8. ------ EXPOSURE CONTROLS/PERSONAL PROTECTION- - - - - -

WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVLS, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.

USE ONLY IN A CHEMICAL FUME HOOD.

SAFLETY SHOWER AND EYE BATH.

DO NOT BREATHE DUST.

DO NOT GET IN EYES, ON SKIN, ON CLOTHING.

AVOID PROLONGED OR REPEATED EXPOSURE.

WASH THOROUGHLY AFTER HANDLING.

KEEP TIGHTLY CLOSED.

STORE IN A COOL DRY PLACE.

SECTIONY, - - - - - - - PHYSICAL AND CHEMICAL PROPERTIES - - - - - - -
APPEARANCIE AND ODOR
SOLID.

UNPLEASANT ODOR.

PHYSICAL PROPERTIES

MELTING POINT: 42CTO 44 C

FLASHPOINT >230F

>110C

SECTION 1, - - - - - - - - STABILITY AND REACTIVITY - - - - - - - --
STABILITY

STABLE.

INCOMPATIBILITIES

BASLS

OXIDIZING AGLENTS

REDUCING AGENTS

ALKALLI METALS

MAY DECOMPOSE ON EXPOSURE TO MOIST AIR OR WATER.
HAZARDOLUS COMBUSTION OR DECOMPOSITION PRODUCTS
TOXIC FUMLES OF:

CARBON MONOXIDE, CARBON DIOXIDE

SULFUR OXIDES

HYDROGEN SULFIDE GAS

HAZARDOUS POLYMERIZATION

WILL NOT OCCUR.

SECTION11.--------- TOXICOLOGICAL INFORMATION - - - - - - - -
ACUTE EFFLCTS

HARMI-UL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
CAUSES EYLE AND SKIN IRRITATION.

MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER
Page 3 ol 3
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according to 1907/2006/EC, Article 31

Printing date 03.02.2011 Revision: 03.02.2011

_11dentification of the substance/mixture and of the company/undertaking

- Trade name: Bafilomycin A1

- Article number: BML-CM110

- CAS Number:

* Relevant identified uses of the substance or mixture and uses advised against
- Application of the substance / the preparation: Laboratory chemicals

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:

- Further information obtainable from: Customer service
- Emergency telephone number: During normal opening times: +1 610-941-0430

88899-55-2

Enzo Life Sciences International, Inc.
10 Executive Boulevard
Farmingdale, NY 11735

U.S.A.

msds@enzolifesciences.com

. 2 Hazards identification

- Classification of the substance or mixture
- Classification according to Regulation (EC) No 1272/2008

- Classification according to Directive 67/548/EEC or Directive 1999/45/EC:

- Information concerning particular hazards for human and environment: Not applicable.
- Label elements
- Labelling according to Regulation (EC) No 1272/2008:

- Hazard pictograms:

- Signal word: Warning
- Hazard statements:

* Precautionary statements

A

{"V'x. ! ;"; GHS07
{w;

Skin Irrit. 2 H315 Causes skin irritation.

Eye Irrit. 2 H319 Causes serious eye irritation.

STOT SE 3 H335 May cause respiratory irritation.

y Xi; Irritant

ﬁsé'/37/38: Irritating to eyes, respiratory system and skin.

The substance is classified and labelled according to the CLP regulation.

H315 Causes skin irritation.
H319 Causes serious eye irritation.
H335 May cause respiratory irritation.

P261 Avoid breathing dust/fume/gas/mist/vapours/spray.

P280 Wear protective gloves/protective clothing/eye protection/face protection.

P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact
lenses, if present and easy to do. Continue rinsing.

P321 Specific treatment (see on this label).

(Contd. on page 2)
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P405 Store locked up.
P501 Dispose of contenis/container in accordance with local/regional/national/

international regulations.
- Other hazards
- Results of PBT and vPvB assessment
- PBT: Not applicable,
i - vPvB: Not applicable.

3 Composition/information on ingredients

- Chemical characterization: Substances
- CAS No. Description:

88899-55-2 Bafilomycin A1
! - Identification number(s): Not applicable

M 4 First aid measures

- Description of first aid measures
; - After inhalation: In case of unconsciousness place patient stably in side position for transportation.
- After skin contact:
Immediately wash with water and soap and tinse thoroughly.
Remove contaminated clothing.
- After eye contact:
Rinse opened eye for several minutes under running water. Check for and remcve contact lenses. #
symptoms persist, consult a doctor.
- After ingestion: If symptoms persist consult doctor.
- Information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attentlon and special treatment needed
No further relevant information available.

J 5 Firefighting measures -

i - Extinguishing media
- Suitable extinguishing agents:

CO2, powder or water spray. Fight larger fires with water spray of alcohol resistant foam.
- Special hazards arising from the substance or mixture No further relevant information available.
- Advice for firefighters
- Protective equipment:
Wear salf-contained respiratory protective device.
Do not inhale explosion gases or combustion gases.
Wear fully protective suit.

- Persenal precautions, protective equipment and emergency procedures:

Wear protective clothing.
- Environmental precautions: No special measures required.
- Methods and material for contaihment and cleaning up:
Absorb with liquid-binding material (sand, diatomite, acid binders, universal binders, sawdust}.
Ensure adequate ventilation.
- Reference to other sections
See Section 7 for information on safe handling.
See Saction 8 for information on personal protection equipment.

(Contd. on page 3)
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Trade name; Bafilomycin At

—

: {Contd. of page 4)
- Conditions to avoid: No further relevant information available.

- Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known,

11 Toxicological information

* Information_on toxicological effects

- Acute toxicity:

* Primary irritant effect:

- onh the skin: Irritant to skin and mucous membranes.
- on the eye: Irritating effect,

- Sensitization: No sensitizing effects known.

12 Ecological information

* Toxicity

- Aquatic toxicity: No further relevant information available.

- Persistence and degradability: No further relevant information available,
- Behaviour in environmental systems:

- Bioaccumulative potential: No further relevant information available.

- Mobility in soil: No further relevant information available.

- Results of PBT and vPvB assessment

- PBT; Not applicable.

i - vPvB: Not applicable.

i - Other adverse effects No further relevant information available.

13 Disposal considerations

- Waste treatment methods

- Recommendation:
Must not be disposed together with household garbage. Do not allow product 1o reach sewage
system.

- Uncleaned packaging;
- Recommendation: Disposal must be made according to official regulations.

14 Transport information

- Maritime transport IMDG:
- Marine pollutant: No
- Special precautions for user: Not applicable,

- Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code: Not applicahle.

16 Other information

This information is based on our present knowledge. However, this shall not constitute a guarante
for any specific product features and shall not establish a tegally valid contractual relationship. For
research use only. Not for drug, household or other uses.

- Department issuing MSDS: Customer service
(Contd. on page &)
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Trade name: Bafilomycin A1

oy g ey

{Contd. of page 2)
See Section 13 for disposal information.

7 Handling and storage

- Handling:
- Precautions for safe handling:
Ensure good ventilation/exhaustion at the workplace.
Prevent formation of aerosols.
- Information about fire - and explosion protection: No special measures required.

- Conditions for safe storage, including any incompatibilities
- Storage:
- Requirements to be met by storerooms and receptacles:
Store tightly sealed in a cool, dry and well ventilated location (see label for storage temperature and
additional specific information).
- Information about storage in one common storage facility:
Keep away from heat, sources of ignition and incompatibles such as oxidizing agents.
- Further information about storage conditions:
Keep container lightly sealed.
Store under lock and key and with access restricted to technical experts or their assistants only.
- Specific end use(s) No further relevant information available.

8 Exposure controls/personal protection

- Additional information about design_of technical facilities: No further data; see item 7.

- Control parameters
- Ingredients with limit values that require monitoring at the workplace: Not required.
- Additional informatton: The lists valid during the making were used as basis.

- Exposure controls
- Personal protective equipment:
- General protective and hygienic measures:
Keep away from foodstuffs, beverages and feed.
Immaediately remove all soiled and contaminated clothing
Wash hands before breaks and at the end of work.
Avoid contact with the eyes and skin.
* Respiratory protection:
In case of brief exposure or low pollution use respiratory filter device. In case of intensive or longer
exposure use self-contained respiratory protective device.
" Protection of hands:

8 Protective gloves

The glove material has to be impermeable and resistant to the product/ the substance/ the
preparation.
Due to missing tests no recommendation to the glove material can be given for the product/the
preparation/the chemical mixture.
Selection of the glove material on consideration of the penetration times, rates of diffusion and the
degradation

+ Material of gloves
The selection of the suitable gloves does not only depend on the material, but also on further marks
of quality and varies from manufacturer to manufacturer.

- Penetration time of glove material
The exact break through time has to be found out by the manufacturer of the profective gloves and
has to be observed.

(Contd. on page 4)
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- Eye protection:

N _ / Tightly sealed goggles

|
H
i
{
H
|
1

{Contd. of page 3}

ey

9 Physical and chemical properties

- Information on basic physical and chemical properties

- General Information
- Appearance:

Form:

Colour:
- Odour:

- Odour threshold:

- bH-vaIue:

Oily

Colourless
Characteristic
Not determined.

Not determined.

- Change in condition

T |

Melting point/Melting range: Undetermined.
Boiling point/Bolling range: Undetermined. -
I - Flash point: Not applicable.

* Flammability (solid, gaseous):

Not applicable. L o “-1

- Ignition temperature:

Decomposition temperature:
- Self-igniting:

Not determined.

Not determinéd.

- Danger of explosion:

Product does not present an explosion hrggafd.

- Explosion limits:
Lower:
Upper:

Not determined.
Not determined.

- Vapour pressure:

Not determined. o

- Density:

- Relative density
- Vapour density

- Evaporation rate

Not determined.
Not determined.
Not determined.
Not determined.

- Solubility in / Miscibility with
water:

Not determined.,

- Segregation coefficient (n-octanol/water): Not determined.

- Viscosity:
Dynamic:
Kinematic:

- Other information

Not determined.
Not determined.
No further retevant information available.r

10 Stability and reactivity

- Reactivity

- Chemical stability: Stable. Avoid strong oxidizing agents.

- Thermal decomposition / conditions to be avoided:
No decomposition if used according to specifications.

- Possibility of hazardous reactions: No dangerous reactions known.

(Contd. on page 5)
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- Contact: tel. +1 610-941-0430

- Abbreviations and acronyms:
IMDG: International Maritime Code for Dangerous Goods
GHS: Globally Harmonized System of Classification and Labelling of Chemicals
CAS: Chemical Abstracts Service (division of the American Chemical Society)

{Contd. of page 5)




Conforms to 93/ 11210 and 150 10141

CALBIOCHEM'

Order Number 3973698-0 Customer Number 6110504
1. Identification of the substance/preparation and of the company/undertaking
Product name : Phorbol-12-myristate-13-acetate Catalog f 1 524400
Supplier ¢ EMD Biosciences. Inc
Chemicai forinula CasHes O ;gigéiggg‘lfgﬂ\c;;e?rfuuﬂ

PHONE: (858)450-5558/(800)854-3417
FAX: (858)453-3552

Synonyw : PMA; TPA
13-O-Acetylphorbol 12-myristate
Factor A1
Phorbol Acetale, myrislate
Phorbol moncacetate monomyristate
Phorbol myristate acetate

Fwerseney telephone
wnnber

2. Composition / information on ingredients

Substance/Preparation : Subslance
Chemical name” CAS No. EC Numnber Svmbol R-Phrases
12-tetradecanoylphorbol-13-acetate 16561-29-8 Not available. | Xn R21, R38

3. Hazards identification

Physical/chemical hazuards . Not applicable.

Humao health hazards : CAUTION!
MAY BE HARMFUL IF ABSORBED THROUGH SKIN.
MAY CAUSE SKIN IRRITATION.

4. First-aid measures

First-Aid weasures,
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult give oxygen Get medical
attention.

Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a
collar, tie, belt or waistband.
In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient Remove
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse  Get medical
attention.
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Get medical attention.

Inhalation

Ingestion
Skin Contact
Eye Contact

Lifects and sviptowms
Skin Contact Hazardous in case of skin contact (irritant, permeator). Skin inflammation is characterized by ilching scaling, reddening, or
occasionally, blistering.

Aggravating conditions . Repeated or prolonged exposure is not known to aggravate medical condition.

5.  Fire-fighting measures

Flummability of the Product . May be combustible at high temperature.

Extinguishing Media

Suitable : SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use waler spray, fog or foam. Do not use water jet.
Hazardous thermul «dejcompnsition : These products are carbon oxides (CO, CO2).

products

Special fire-fighting procedures Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full lurnout gear.

Catalog 1f 524400 Page: 1/4




Protection of five-fighiers

Be sure to use an approved/certified respirator or equivalent.

6. Accidental release measures

Persopal precantions

Szl Spilf and Leak

Large Spill and Leak

Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self-coniained breathing apparatus should be used to avaid
inhalation of the product. Suggested protective clothing might not be sufficienl; consult a specialist BEFORE handling this
product.

Use apprapriate tools to put the spilled solid in a convenient waste disposal container.

Use a shavel to put the material info a convenient waste disposal container.

7. Handling and storage

Handbing

Storage

Packaging muterinls

Recommended use

Keep away from heat. Keep away fram sources of ignition. Empty containers pose a fire risk, evaporate the residue under
a fume hood. Ground all equipment containing material. Do not ingest. Do nat breathe dust  Avoid contacl with skin.
Wear suitable protective clothing. If ingested, seek medical advice immediately and show the container or the label.

Keep container tightly closed. Keep container in a cool, well-ventilated area. Do not stare above -20°C (-4°F).

Use original container.

8. Exposure controls/personal protection

Engitieering meassyres

Hygieve measures

Use process enclosures, local exhaust ventilation, or other engineering controls (o keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilabon to keep exposure 1o airbome
contaminants below the exposure limit.

Wash hands, forearms, and face thoroughly after handliing compounds and before ealing. smoking. using lavatery, and at
the end of day.

upredient Nume

Phorbol-12-myristale- 13-acetate

Not available.

Personal profective eguipmest

Respiratory systemn
Skin wad bady
Hands

Eyes

Dust respirator. Be sure to use an approved/cerlified respirator or equivalent.
Lalx coat.
Gloves.

Safety glasses.

Profective Clothing (Picteerims: : l V\ l I ' ii

9. Physical and chemical properties

Phssical state
Color

Molecalar Weight
Melting Point
Solubility

tlash point

Exploesive propertics

Solid.
White.
616.8 g/mole

50 to 70°C {122 to 158°F)
Notl available.
Not available.

Risks of explosion of the preduct in presence of mechanical impact: Not available.
Risks of explosion of the product in presence of static discharge: Not avaitable.

10. Stability and reactivity

Stabifity

Condittens to aveid

Hazardous Decompasision Products

The product is stable.
Not available,
These products are carbon oxides (CO, CO2).

Catalog it
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11. Toxicological information

RYVCS i © QII4377000
Local effects
Skia irritation : Hazardous in case of skin contact {irritant).
Acute toxicity 1 LO50: Not available.
LC50: Not available.
Chronie toicity : Repeated or prolonged exposure is not known to aggravate medical condition.
Other Toxic Fifects on Hutans : Notavailable.

Hazardous in case of skin contact {irritant, permeator).

Not available,
Nat avaifable,
Careinogenic effecls : Not available.
Mutagenic effeets ;. Not available.
Reproduction Lovigity : Not available.
Teratogenic effevts : Not available.

12. Ecological information

Feotaxicily . Not available.

Toxiclty of the Products of : The products of degradation are less toxic than the product itself.
Biodegradation

13. Disposal considerations

Methods of disposal: Woste of vestdies; @ Waste must be disposed of in accordance with federal, state and local environmental control regulations
Contaminated puckaging

14, Transport information

Interpational tramsport revulafions

Land - Road Raiinay

ADRRID Class : Nat cantrolled under ADR (Europe}.
FMDG Class Mot controlled under IMDG.

Al
TATA-DGR Class : Not controlled under IATA.

Special Provisians for Not applicable.

Transport

15. Regulatory information

LU Repulations

Hazard symbaolis)

Chassificavion - Harmful

Risk Phrases + R21- Harmfu! in contact with skin.
R3B- Irritating ko skin.

Safety Thrases : 526-In case of contacl with eyes, rinse immediately with plenty of water and seek medical advice
527- Take off immedialely all contaminated clothing.
836~ Wear suitable protective clothing.
845~ In case of accident or if you feel unwell, seek medical advice immediately (show the lahel where possible)

Cuntains : - 12-tetradecancylphorbol-13-acetate
LS. Eederal Regulationg * TSCA: No products were found.

SARA 302/304/311/312 extremely hazardous substances: No products were found.

SARA 302/304 emergency planning and nefification: No preducts were found.

SARA 302/304/311/312 hazardous chemicals: No products were found.

SARA 311/312 MSDS distribution - chemical inventory - hazard identification: No products were found.
SARA 313 toxic chemical notification and release reporting: No products were found.

Clean Water Act (CWA) 307: No products were found.

Clean Water Act (CWA) 311: No products were found.

Clean air act (CAA} 112 accidental release prevention: No products were found.

Clean air act {CAA} 112 regulated flammable substances: No products were found.

Clean air act (CAA} 112 regulated toxic substances: No products were found.
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NS Classification

Atite Regulations

WIHEMIS (Capadaj

CLASS: Irritating substance.
CLASS: Target organ effects.

Mot controlled under WHMIS (Canada).

Na products were found.

16. Other information

Hazardous Muaterial
Information Systewm

(L.S.A)

Notice to Reader

To the best of our knmowledge, the informarion contained herein is gecurate. However, neither the above named supplier nor any of its suhsidiaries avsnmes any

3] National ¥ire
Protection Asseciation
(L.S.AY

Personal Protection E

linbility wharseever for the accuracy or campleteness of the information contained herein,

Final determination of suitability of any marerial is the sole responsibility of the user. Al materials may present unknown hazards wid shouwld be nsed with
cantion. Although certain hazards are described herein, we casmiot guarantee that these are the only hazards that exist. **This produet is infended for research

use only. **

Afealih

Face Masop?

Sjeuitic Becced

Culalog f

524400

Date of issue HIT2006.
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Conforms to 9311 2°EC and 1S 10141
b A BJEITEN
;,?*.n‘%.g‘; IVEIR

Order Number

y CALBIOCHEM'

Customer Number

1.

Identification of the substance/preparation and of the company/undertaking

TAPI-0 Catalog #

Product name

Supplier
CaaHN4Os

Chemical formula

N-(R)-[2-Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-naphthyls
Amide,
TNF-alpha Protease Inhibitor-0

Synonywm

Emergeney telephons

579050

Manufactured by EMD Biosciences. Inc.
10394 Pacific Center Court

San Diego, CA 92121
(858)450-5558/(800)854-3417

FAX: (858)453-3552

Cadl Lot
mnmber 3

2.

Composition / information on ingredients

Substance/Preparation

Substance

Chemical nane®

Amide;
TNF-alpha Protease Inhibitor-0

N-(R)-[2-Hydroxyaminocarbonyl)methyl]-4-

EC Number R-Phrases

Not available. | - -

CAS No. Svimbolt

methylpentanoyl-L-naj

3,

Hazards identification

Physical/chemical hazards

Human health hazards

Not applicable.

No specific hazard.

4. First-aid measures

First-Aid measuyes

Izhalation

Ingestion

Skin Contet

Eve Contact

Aggravating conditions

If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention,

Do NOT induce vomiling unless directed to do so by medical personnel. Never give anything by mouth 1o an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a

collar, tie, belt or waistband.

In case of contact, immediately flush skin with plenty of water, Remove contaminaled clothing and shoes. Wash clothing
before reuse. Thoroughly clean shoes before reuse. Get medical attention.

Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Get medical attention.

Repeated or prolonged exposure is not known o aggravate medical condition.

5,

Fire-fighting measures

Fhunmability of the Product

Extinguishing Media

Suitable
Huzardous thermal (deyeompusition
products
Special fire-fighting procedures

Protection of fire-lighters

May be combustible at high temperature.

SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use water spray, fog or foam. Do not use water jet.

These products are carbon oxides (CO, CO2), nitrogen oxides (NO, NO2...).

Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full turnout gear.

Be sure to use an approved/certified respirator or equivalent.

Catalog # 579050
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6. Accidental release measures

Personal precautions ¢ Splash geggles. Full suit. Boots. Gloves. Suggested protective clothing might not be sufficient; consult a specialist
BEFGRE handling this product,

Small Spilt and J.enk . Use appropriate tools to put the spilled solid in a convenient waste disposal container.

Large Spill and Lexzk . Use a shovel to put the malerial into a convenient waste disposal container.

7. Handling and storage

TEandtling : Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk. evaporate the residue under
afume hood. Ground all equipment containing material. Do not breathe dust.
Storage ' Keep container tightly closed. Keep container in a cool, well-ventilated area. Do not store above -20°C (-4°F).

Pavkaging materinds

Reconmmended nse : Use onginal container.

8. Exposure controls/personal protection

Logineering measures : Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below
recommended exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure o airbome
contaminants below the exposura limit.

i vgiene measwres : Wash hands after handling compounds and before eating, smoking, using favatory, and at the end of day.
Ingredient Namne Occupativnal Exposare Limits
TAPI-O Not available.

Personal protective quipment
Skin and body . Lab coal.
Eves + Safety glasses.

oo (A

Protective Clothing {Pictagiains

9. Physical and chemical properties

Physical siate : Solid. {Solid powder.)

Lolor : White

Molecubar Weighi : 486.5 gimole

Solubility : Not available.

Flash poiut : Not available.

Eaplosive propertics . Risks of explosion of the product in presence of mechanical impact: Not available.

Risks of explosion of the product in presenca of static discharge: Not avaitable.

10. Stability and reactivity

Stabilily : The praduct is stable.
Conditions (6 aveid . Hygroscopic; keep container tightly closed. Sensitive to light.
ITazardous Decompositien Frodurts . These products are carbon oxides (CO, CO2), nitrogen oxides (NO, NO2...).

11. Toxicological information

RIECS 1 : Not available,
Logcal effects
Skin irritation - Mot available.
Acute (gxicity : LD50: Not available.
LC50: Not available.
Chronic toxicity : Repeated or prolonged exposure is not known to aggravate medical condition.
{Hlzer Toaic Effects oo Hannans : Nol available,

No specific information is available in our database regarding the other toxic effects of this material for humans

Naot available.
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To the best of our knowledge, the toxicolegical properties of this product have not been tharoughly investigated

(.'arcino?;enic cffevts : Not available.
Mutagenic offecs 1 Not available.
Reproductio Lonicity : Not available.
Teratogenic effects : Not available.

12. Ecological information

Ecotoxicity : Mol available.
Toxiclty of the Produvts of : The preduct itself and its products of degradation are not toxic.,
Riodegradation

13. Disposal considerations

Methods of disposal: Waste ol residues: + Waste must be disposed of in accordance with federal, state and local envircnmental control reguiations
Contaminated packaging

14. Transport information

Intcrnational ramypert repudagions
Eand - Read/Railway

ADRRID Class : Nat controlled under ADR (Europe).
IMDG Class . Not controlled under IMDG.

Air
TATA-DGR Class : Not contreiled under IATA.

Special Provisions for Not applicable.

Transport

15. Regulatory information

ELf Repulations

Risk Phrases . This product is not classified according to the EU regulations.
1.8, Federal Regulativn * TSCA: No products were found.

SARA 302/304/311/312 extremely hazardous substances: No products were found.
SARA 302/304 emergency planning and notification: N products were found,
SARA 302/304/311/312 hazardous chemicals: No products were found.
SARA 311/312 MSDS distribution - chemical inventory - hazard identification: No products were found
SARA 313 toxic chemical notification and release reporting: No praducts were found.
Clean Water Act {CWA) 307: No products were found.
Clean Water Act {CWA) 311: No products were found.
Clean air act {CAA) 112 accidental release prevention: No products were found.
Clean air act {CAA) 112 regulated flammable substances: No products were found.
Clean air act (CAA) 112 regulated toxic substances: No products were found.

IS Clussilication : Not controlled under the HCS (United States).

State Regulutions

SWHAMS (€ anadal + Not controlled under WHMIS {Canada).

No products wera found.

16, Other information

4 National Fire
Pretection Association
{L.S.A) Healih

Hazardeus Material
Information Syvstem
(L.S.A)

Fuedlizae

Hiaciven

Reactivity 0

. Sprvith bl ees
Persanal Prolection

Notice to Reader

To the best of our knowledge, the informution conteined terein is accurate. However, neither the above named supplier nor any of its subsidiaries assumes uny
ligbility whatsaever for the ucenracy or completeness of the information contained herein.

Final determination of suitabitiey of uny svaterinl is the sole responsibility of the wser. All materials may present unknown hazards and showld be used with
cantion. Although certain hazards wre described herein, we cannot guarantee that these are vhe only hagards that exist. **This product is intended for research
nse only, **
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Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:

7333000 ug/kg X 50 kg/person
Dose per person based on LD 5yin ug = 366650000
LDs, per person with safety factor of 10 based on LDg in pyg= 36665000

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:
400 pg/kg X

Dose per person based on LD 55 in ug = 20000

50 kg/person

LDs, per person with safety factor'of 10 based on LD, in pg =

2000

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:

2000 pg/kg X 50 kg/person
Dose per person based on LD g4in ug = 100000
LDso per_pe_rson'wlth safety factor of 10 based on LDy in pg = 10000

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: | 1000 pc

LD s (species): Unknown g

Calculation:
Unknown Ma/kg X 50 kg/person

Dose per person based on LD 5yin ug =

LD;, per person with safety factor of 10 based on LDy, in pg = 0

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:
Unknown Ha/kg X 50 kg/person

Dose per person based on LD 5 in ug =

[I.Dm per person with 'safety factor of 10 based on LDg in pg = 0

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: | 1000 Hg

LD 5, (species): Unknown g

Calculation:
Unknown Hg’kg % 50 kg/person

Dose per person based on LD 5 in ug =

LDs, per person with safety factor of 10 based on LDg; in ug = 0

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: 5000000/ (ic

LD 5, (species): 400000 ug

Calculation:

400000 ug/kg X 50 kg/person
Dose per person based on LD 5 in ug = 20000000
LDs, per person with safety factor of 10 based on LD in pg = ‘2000000

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

[Calculation:
Unknown Hg/kg X

Dose per person based on LD g in ug =

50 kg/person

LDs, per person with safety factor of 10 based on LD, in pg =

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose:

LD 5, (species):

Calculation:
Unknown Ma/kg X 50 kg/person

Dose per person based on LD g, in ug =

LDs, per person with safety factor of 10 based on LDgg in pg =

Comments/Recommendations:




Name of Toxin:

Proposed Use Dose:

Proposed Storage Dose: 1000 |C

LD 5, (species): Unknown ug

Calculation:
Unknown pa/kg X 50 kg/person

Dose per person based on LD ¢, in Mg =

IED“' per person with safety factor of 10 based on LDs in pg =

Comments/Recommendations:
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Approved Personnel

(Please stroke out any personnel to be removed)

Additional Personnel

Ola Ismail

Xinghong Xhang

Approved
Microorganisms

Approved Primary
and Established Cells

Approved Use of
HHuman Source
Material

Approved Genetic
Modifications
(Plasmids/Vectors)

Approved Use of
Animals

Approved Biological
Toxin(s)

Friday, August 06, 2010

Please stroke out any approved
Biohazards to be removed below

(Please list additional personnel here)

Write additional Biohazards for
approval below. Give the full name
- do not abbreviate.

E.coli, Lentivirus

Mouse[primary] kidney, spleen, blood, bone
marrow. Human[established]786-0, 769-P,
HEK293, HEK293T/17, Jurkat, HK-2
Rodent[established] JAWSII, mIMCD-3, CMT-

‘O(’. 2 L—t ("'Y\O\AJ-C.)

93 Porcine [established]LLC-PK1, canine

[pIasmids? pcDNAS3. [vectors]: pLUX-;ﬁlE_
proprietory

Musculus

C3 Exotoxin, Phalloidin -

'SM.@‘?_ \

TpOMBO dvts noY nLed te
be Usteel (Per Mo
AaneeReo; )
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PLEASE ATTACH A MATERIAL SAFETY DATASHEET OR EQUIVALENT FOR NEW BIOHAZARDS
PLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED AND HOW TIHEY WILL B
STORED, USED AND DISPOSED Of

As the principal investigator, 1 have ensured that all of the personnel named on the form have been
trained. 1 will ensure that this project will follow the Western Biosafety Guidelines and Procedures
Manual for Containment Level 1 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects). I will ensure that UWO faculty, staff and students working in my laboratory have an up-to-
date Hazard Communication Form, found at http://www.wph.uwo.ca.

Signature of Permit Holder: /Z < W
(&

) Containment Level for Added Biohazards:

Current Classification: 2_+__

Date of Last Biohazardous Agents Registry Form: Jun 29, 2010

Date of Last Modification (if applicable): ,S:t/\—; ® ¥ ; 2alf

BioSafety Officer(s): _ \ Stzonle)  Clpn\ 1 2.1 G
= L] 1 N

Chair, Biohazards Subcommittee: ___W///Zf/ B Date: g{%://_ﬁ/_’/
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1) Captothecin: Used to induce apoptosis in cells. Apoptotic cells are used as
targets for phagocytosis in our experiments.!

2) SB 202190: Used to block MEK kinase in our cells. MEK kinase is believed to
involved in metalloproease-mediated cleavage of KIM-1.2

3) GM6001: Used to block metalloproteases involved in KIM-1 shedding.?
GM6001 will be injected into mice after ischemia-reperfusion injury surgery.
This protocol will be submitted as a modification to our animal protocol.

4} DC 2.4 mouse dendritic cells were acquired from Dr. Kenneth Rock at Dana
Farber Cancer Institute (via MTA). They will be used to study the
interrelationship of antigen presenting cells with our kidney epithelial cells.

Ichimura T, Asseldonk EJ, Humphreys BD, Gunaratnam L, Duffield ]S,
Bonventre |V. Kidney injury molecule-1 is a phosphatidylserine receptor that
confers a phagocytic phenotype on epithelial cells. J Clin Invest. May
2008;118(5):1657-1668.

Zhang Z, Humphreys BD, Bonventre JV. Shedding of the urinary biomarker
kidney injury molecule-1 (KIM-1) is regulated by MAP kinases and
juxtamembrane region. | Am Soc Nephrol. Oct 2007;18(10):2704-2714.



For the Captothecini L o

How much (in ug) do you handle at once? 5mM.X 15 uL fef P (u 23 20/
How much (in ug) do you store? 100mg N“ L
Please provide an LD50. Acute oral toxicity (LD50): 50.1 mg/kg [Mouse]

For the SB2021907

How much (in ug) do you handle at once? 0.05mg

How much (in ug) do you store? 5mg

Please provide an LD50. Acute dermal toxicity (LD50): 40000 mg/kg [Rat].

For the GM60017
How much (in ug) do you handle at once? 0.010.05 mg O.4—.05 UJM’L
How much (in ug) do you store? 1mg-1g B ~rie

Please provide an LD50. LD50: Not available. Mot 23,201



TOXIN USE RISK ASSESSMENT

Name of Toxin: S$B202190
Proposed Use Dose: 50 ug
Proposed Storage Dose: 500 ug
LD 5, (species): 40000 ug
Calculation:
40000 ug/kg X 50 kg/person

Dose per person based on LD 55in pug =

2000000

LD;, per person with safety factor of 10 based on LD;, in pg =

200000

Comments/Recommendations:




TOXIN USE RISK ASSESSMENT

Name of Toxin: Captothecin
Proposed Use Dose: 1.7 ug
Proposed Storage Dose: 10000 pg
LD 4, (species): 50100 pg
Calculation:
50100 ug/kg X 50 kg/person

Dose per person based on LD 5y in pg =

2505000

LD, per person with safety factor of 10 based on LDs; in pg =

250500

Comments/Recommendations:




SIGMA-ALDRICH

sigma-aldrich.com

Material Safety Data Sheet

Version 4.1
Revision Date 10/22/2010
Print Date 02/07/2011

1. PRODUCT AND COMPANY IDENTIFICATION
(S)-(+)-Camptothecin

Product name
C9911
Sigma
For laboratory research purposes.

Product Number
Brand
Product Use

Supplier Sigma-Aldrich Canada, Ltd Manufacturer Sigma-Aldrich Corporation
2149 Winston Park Drive 3050 Spruce St.
OAKVILLE ON L6H 6J8 St. Louis, Missouri 63103
CANADA USA

Telephone +19058299500

Fax +19058299292

Emergency Phone # (For
both supplier and
manufacturer)
Preparation Information

1-800-424-9300

Sigma-Aldrich Corporation
Product Safety - Americas Region
1-800-521-8956

2. HAZARDS IDENTIFICATION
Emergency Overview

WHMIS Classification
D1B Toxic Material
Serious Toxic

GHS Classification

Causing Immediate and
Effects

Toxic by ingestion

Acute toxicity, Oral (Category 3)

GHS Label elements, including precautionary statements

Pictogram

Signal word

Hazard statement(s)
H301

Precautionary statement(s)
P264

P270

P301 + P310

P321

P330

P405

P501

HMIS Classification
Health hazard:
Flammability:
Physical hazards:

Potential Health Effects

Inhalation
Sigma - C9911

Toxic if swallowed.

Wash skin thoroughly after handling.

Do not eat, drink or smoke when using this product.

IF SWALLOWED: Immediately call a POISON CENTER or doctor/ physician.
Specific treatment (see supplemental first aid instructions on this label).
Rinse mouth.

Store locked up.

Dispose of contents/ container to an approved waste disposal plant.

2
0
0

May be harmful if inhaled. May cause respiratory tract irritation.
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Skin May be harmiul if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.
Ingestion Toxic if swallowed.

3. COMPOSITION/INFORMATICN ON INGREDIENTS

Formula . CopHygN2O4

Molacular Weight . 348.35 g/mol

CAS-No. |EC-No. [ Index-No. [ Concentration
{8)-(+)-Camptothecin

7689-03-4 [ - [ - [ -

4. FIRST AID MEASURES

General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.Move out of dangerous area.

If inhaled
if breathed in, move person into fresh air. If not breathing, give artificial respiration. Consult a physician.

In case of skin contact
Wash off with soap and plenty of water. Take victim immediately to hospital. Consult a physician.

In case of eye contact
Flush eyes with water as a precaution.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

Conditions of flammability
Not flammable or combustible.

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire fighting if necessary,

Hazardous combustion products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides {(NOx)

Explosion data - sensitivity to mechanical impact
no data available

Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Wear respiratory protection. Avoid dust formation. Avoid breathing vapors, mist or gas. Ensure adequate ventilation,
Evacuate personnel to safe areas. Avoid breathing dust.

Environmental precautions
Prevent further feakage or spillage if safe to do so. Do not let product enter drains.

Methods and materials for containment and cleaning up
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in suitable, closed containers for
disposal.

7. HANDLING AND STORAGE

Sigma - C9911 Page 2 of 7



Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventitation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated place.

Recommended storage temperature; 2 - 8 °C

Keep in a dry place.

8. EXPOSURE CONTROLS/PERSCONAL PROTECTION

Contains no substances with occupational exposure [imit values.
Personal protective equipment

Respiratory protection

Where risk assessment shows air-purifying respirators are appropriate use a full-face particle respirator type N99
{US) or type P2 (EN 143) respirator cartridges as a backup to engineering controls. If the respirator is the sole
means of protection, use a full-face supplied air respirator. Use respirators and components tested and approved
under appropriate government standards such as NIOSH {US) or CEN (EU).

Hand protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technigue (without touching
glove's outer surface) to avoid skin confact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratory practices, Wash and dry hands.

Eye protection
Face shield and safety glasses Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166{EU).

Skin and body protection
Complete suit protecting against chemicals, The type of protective equipment must be selected according to the
concentration and amount of the dangerous substance at the specific workplace.

Hygiene measures
Avoid contact with skin, eyes and clothing. Wash hands before breaks and immediately after handling the product.

Specific engineering controls
Use mechanical exhaust or laboratory fumehood to avoid exposure.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form powder
Colour no data available
Safety data
pH no data available
Melting/freezing Melting point/range: 260 °C (500 °F) - dec.
point
Boiling point no data available
Flash point no data available

Ignition temperature  no data available

Autoignition no dafa available
temperature

Lower explasion limit  no data available
Upper explosion limit no data available
Vapour pressure no data available
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Density
Water solubility

Partition coefficient:
n-octanol/water

Relative vapour
density

Qdour
Odour Threshold

Evaporation rate

no data available
no data available

no data available

no data available

no data available
no data available

no data available

10. STABILITY AND REACTIVITY

Chemical stability

Stable under recommended storage conditions.

Possibility of hazardous reactions

no data available

Conditions to avoid
no data available

Materials to avoid
Strong oxidizing agents

Hazardous decomposition products

Hazardous decomposition products formed under fire conditions, - Carbon oxides, nitrogen oxides {NOx)

11. TOXICOLOGICAL INFORMATION

Acute toxicity
Oral LD50

LD50 Oral - rat - 153 mg/kg

Inhalation LC50
nc data available

Dermal LD50
no data available

Other information on acute toxicity

no data available

Skin corrosion/irritation
no data available

Serious eye damage/eye irritation

no data available

Respiratory or skin sensitization

no data available

Germ cell mutagenicity

Genotoxicity in vitro - mouse - lymphocyte
Other mutation test systems

Genotoxicity in vitro - Hamster - ovary

Sister chromatid exchange

Genotoxicity in vitro - Human - leukocyte

DNA inhibition

Genotoxicity in vitro - Hamster - Lungs
Mutation in mammalian somatic cells.

Genotoxicity in vitro - Hamster - Lungs

Sigma - C9911
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Sister chromatid exchange

Genotoxicity in vitro - mouse - leukocyte
DNA inhibition

Genotoxicity in vitro - Hamster - ovary
DNA damage

Genotoxicity in vitro - Human - HelLa cell
DNA inhibition
Genotoxicity in vitro - Chicken - Embryo
DNA inhibition

Genotoxicity in vitro - Human - Hela cell
Other mutation test systems

Genotoxicity in viiro - Human - leukocyte
Other mutation test systems

Genotoxicity in vitra - Human - lymphocyte
Sister chrematid exchange

Genotoxicity in vitro - Hamster - Lungs
Cytogenetic analysis

Genotoxicity in vitro - Hamster - ovary
Cytogenetic analysis

Genotoxicity in vitro - Hamster - Lungs
DNA damage

Genotoxicity in vitro - mouse - lymphocyle
DNA inhibition

Genotoxicity in vitro - mouse - leukocyte
DNA damage

Genotoxicity in vitro - Monkey - Kidney
DNA damage

Genotoxicity in vitro - Human - lymphocyte
Cytogenetic analysis

Genotexicity in vitro - Human - Other cell types
Cylogenetic analysis

Genotexicity in vitro - Human - fibroblast
DNA damage

Genotoxicity in vitro - Human - Hela cell
DNA damage

Genotoxicity in vitro - Human - lymphocyte
DNA damage

Genotoxicity in vitro - Human - Other cell types
DNA damage

Genoloxicity in vivo - mouse - Intraperitoneal
Cytogenetic analysis

Carcinogenicity

IARC: No component of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by ACGIH.

Reproductive toxicity

Sigma - C9911 Page 5 of 7



no data available
Teratogenicity

no data available

Specific target organ toxicity - single exposure (Globally Harmonized System)
no data available

Specific target organ toxicity - repeated exposure (Globally Harmonized System)
no data available

Aspiration hazard
no data avaflable

Potential health effects

Inhalation May be harmful if inhaled. May cause respiratory tract irritation.
Ingestion Toxic if swallowed.

Skin May be harmful if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.

Signs and Symptoms of Exposure
To the best of our knowledge, the chemical, physical, and toxicological properties have not been thoroughly investigated.

Synergistic effects
no data available

Additional Information
RTECS: UQG492000

12. ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and degradability
no data available

Bioaccumulative potential
no data available

Mobility in soit
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available

13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable solutions to a licensed disposal company. Contact a licensed professional waste
disposal service to dispose of this material. Dissolve or mix the material with a combustible solvent and burn in a

chemical incinerator equipped with an afterburner and scrubber.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION

DOT (US)

UN-Number: 1544 Class: 6.1 Packing group: Il
Proper shipping name: Alkaloids, salid, n.o.s. ((S)-(+)-Camptothecin)
Marine pollutant; No

Sigma - C9911 Page 6 of 7



Poison Inhalation Hazard: No

iMDG

UN-Number: 1544 Class: 6.1 Packing group: Il EMS-No: F-A, S-A
Proper shipping name: ALKALOIDS, SOLID, N.O.S. {{S)-(+)-Camptothecin)

Marine pollutant; No

IATA
UN-Number: 1544 Class: 6.1 Packing group: I
Proper shipping name: Alkaloids, solid, n.o.s. ((S)-(+)-Camptothecin)

15. REGULATORY INFORMATION

DSL Status
This product contains the following components that are nat on the Canadian DSL nor NDSL lists.
CAS-No.
{8)-(+)-Camptothecin 7689-03-4
WHMIS Classification
D1B Toxic Material Causing Immediate and Toxic by ingestion

Serious Toxic Effects

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the
MSDS contains all the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Further information

Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.

The above information is believed to be carrect but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present stale of our knowledge and is applicabls to the
product with regard to appropriate safety precautions. it does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product. See reverse side of invoice or packing slip for additional terms and conditions of sale.
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Conforms to 23/ 1122/EC and 1SO 11014-1

SAFETY DATA SHEET

Order Number

CALBIOCHEM®

Customer Number

L. Identification of the substance/preparation and of the company/undertaking

Product name : GM6001 in Solution Catalog # : 364206

Chemical formula 1 CaHaeNaOs

Synonym :  Noft available.

Supplier :  EMD Biosciences, Inc.
10394 Pacific Center Court
San Diego, CA 92121
(858)450-5558/(B00)854-3417
FAX: (858)453-3552

Fmergeney telephone @ Call Chemtrec®
(R00)424-9300 (within LS. AL
(T03)827-3887 (outside LS.\

nnber

2. Composition / information on ingredients

Substance/Preparation

Substance

Chemical name®

GMB001 in Solution

CAS No. EC Number Symbol R-Phrases
Not available. | Xi R36/38

3. Hazards identification

Physical/chemical hazards

Human health hazards

Not applicable.

CAUTION!
MAY CAUSE EYE AND SKIN IRRITATION.

4. First-aid measures

First-Aid measures

Inhalation

Ingestion

Skin Contact

Exe Contact

Lffects and svimploms

Skin Contact

Eye Contact

Aggravating conditions

If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical

attention.
Do NOT induce vomiting unless directed lo do so by medical personnel. Never give anything by mouth (o an unconscious
person. If large quantities of this material are swallowed, call a physician immediately. Loosen light clothing such as a

collar, tie, bell or waistband.
In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Gel medical

attention.
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15

minutes. Get medical altention.

Hazardous in case of skin contact (irritant). Skin inflammation is characlerized by ilching, scaling, reddening, or,
occasionally, blistering.
Hazardous in case of eye contact (irritant).

Repeated or prolonged exposure is not known to aggravate medical condition.

5. Fire-fighting measures

Flammability of the Product
Extinguishing Media

Suitable
Hazardous thermal (de)composition
products
Special fire-fighting procedures

Protection of fire-fighters

May be combustible at high temperalure.

SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use waler spray, fog or foam. Do not use waler jet.

These products are carbon oxides (CO, CO2), nitrogen oxides (NO, NO2...).

Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full turnoul gear,

Be sure 1o use an approvedicertified respirator or equivalent

Catalog 364206
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6. Accidental release measures

Pegsonal precautions

Sl Spill and Beak

Large Spill and 1eak

Splash goggles. Full suit. Bools. Gloves. Suggested prolective clothing might not be sufficient; censuit a specialisl
BEFORE handling this product.
Absorb with an iner material and pput the spilled material in an appropriate wasle disposa’

Absorb with an inert material and put the spilled material in an appropriate waste disposal.

7. Handling and storage

I line

Storage
Packagimginaterials

Recortnended use

Keep away from heat. Keep away from sources of ignition. Emply containers pose a fire risk, evaporale the residue under
a fume hood. Ground all cquipment containing material. Do not breathe gasffumes/ vaporfspray. Wear suitable pratective
clothing. If you feel unweli, seek medical attention and show the labe! when possible. Avoid conlact with skin and eyes

Keep container tightly closed. Keep container in a coo!, well-ventilated area. Do not store above 4°C {39.2°F)

Use original container.

8. Exposure controls/personal protection

Lnginecring incasures

Hypiene neasures

Provide exhaust venltilation or ather engineering controls tc keep the airborne concentrations of vapors below their
respeclive threshold limit vatue. Ensure that eyewash stations and safely showers are proximal te the work-station location,

Wash hands afler handling compounds and before eating, smoking, using lavalory, and at the end of day.

Ingredient Name
GMGELCY in Sclution

Qeewrational Exposure Limits
Not available,

Personal protective equipment
Skin and body
Hanls
Fyes

Protective Clothing (Piclograms)

Lab coat
Glaves.

Splash goggles

K .

9. Physical and chemical properties

Pivsical state
Coloy

Molecular Weight
Solubility

Flash paint

Taplusive properties

Liquid. {Supplied in DMSO)
Not available.
388.5 g/male

Not avaifable.

Not availahle.

Risks of explosian of the product in presence of mechanical impact: Not available.
Risks of explosion of the praduct in presence of static discharge: Not available,

10. Stability and reactivity

Stability

Conditions to avoid

Hazardous Decomposition Products

The producl is stable
Hygroscopic; keep conlainer tightly closed.

These preducts are carbon oxides {CO, CO2), nilrogen oxides {NO, NO2Z.)

11. Toxicological information

Rildss

Skin irvitation
Lende toxicity
Chronde toxicits

Other Toxie Effects o Hunans

Not available.

Hazardous in case of skin conlacl {irritant)

LDS50: Mol available.
LC50: Mot availabla.
Repeated or prolonged exposure is not known to aggravate medical condition.

Nol availabie.
Hazardous in case of skin contact (irritant), of eye contact {irritant).

Not available.

[( atalog 364206
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Carcinogenic effeets
MMutayenic effects
Reproduction tovicin

Teratogenic effects

To the besl of cur knewledge, the toxicological properties of this product have nol been thoroughly investigatad

Not available
Not availablc
Nol avaitalzle

Not avatabie

Teotudciiy

Lovicits of the Prodacts of
Bivdvaradation

2. Ecological information

Nat available.

The praduct itself and its preducts of degradation are not foxic

13. Disposal considerations

Contaminated psckaging

Metheds of dispusal: Waste of residues:

Wasle must be disposed of in accordance with federal, slate and local environmental control regulations.

14. Transport information

Inlernational transpord regulations

Laud - Read/Ruilnay:

ADRAUD Class
Sea

EMIDG Class

EATA-IMGR Class
Spueisl Provisions for
Trunspord

Not controlled under ADR (Eurepe)

Not centrolled under IMDG.

Not controlled under INTA.
Not applicable.

15. Regulatory information

EL Regulations

azard svibol(s)

Classification
Risk Phrases
Sufety Phrases

LS. Vederal Resufations

TECS Classification

State Regulations

WS (Canagdal

X

Irritant

R36/38- Irritating to eyes and skin.

526- In case of corlact wilh eyes, rinse immediately with plenly of water and seek medical advice.

TSCA No preducts were found

SARA 302/304/311/312 extremely hazardous substances: No produels were found.
SARA 302/304 emergency planning and notification: No preducts were found.
SARA 302/304/311/312 hazardous chemicals: No products were found.

SARA 311/312 M3SDS distribution - chemical invenicry - hazard identification: No produets were found.
SARA 313 toxic chemical notification and release reporting: No products were found
Clean Water Act (CWA) 307 No products were found.

Clean Water Act (CWA) 311 No praducts were found.

Clean air act {CAA) 112 accidental release prevention: No products were found.
Clean air act {CAA) 112 regulaled flammable substances: No producls were found
Clean air act (CAA) 112 reguiated toxic substances: No products were found.

CLASS: irritating substance.

Not controlled under WHMIS (Canada).

No products were found,

16. Other information

Hazardous Material
Intormation System
(L.S.A)

Nolice 1o Reader

2 | National Fire

Tire Hezard

Protection Association

H(L.5.A) Health

Reactivity

Reactivity {

Spevific Harard

Personal Protection J

Catalag @ 3842006

Page: 3/4




To the best of onr knowledge, the informarion contained hercin is acctirate,  However, neithier the above nanted supplier wor any of its subsidigries assumes any
fiability whatsoever for the accuracy or completeness af the information contained hercin,

Final determination of suitability of any material is the sole responsivility of tire wser. AW materials may present unknown hazards and showld be used wih
cantion, Afthough certain hazards are deseribed herein, we cdrof guarantes hat itese are the

only tusurds that exist, **This produet §s intended for rescarch
use aply, *F
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SIGMA-ALDRICH

sigma-aldrich.com

Material Safety Data Sheet
Version 4.1

Revision Date 10/21/2010

Print Date 02/07/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name

Product Number
Brand
Product Use

Supplier

Telephone

Fax

Emergency Phone # (For
both supplier and
manufacturer)
Preparation Information

SB 202190

S7067
Sigma
For laboratory research purposes.

Sigma-Aldrich Canada, Ltd Manufacturer Sigma-Aldrich Corporation
2149 Winston Park Drive 3050 Spruce St.
OAKVILLE ON L6H 6J8 St. Louis, Missouri 63103
CANADA USA

+19058299500

+19058299292

1-800-424-9300

Sigma-Aldrich Corporation
Product Safety - Americas Region
1-800-521-8956

2. HAZARDS IDENTIFICATION
Emergency Overview
WHMIS Classification

D2B Toxic Material Causing Other Toxic Effects

GHS Classification
Skin irritation (Category 2)
Eye irritation (Category 2A)

Moderate skin irritant
Moderate respiratory irritant
Moderate eye irritant

Specific target organ toxicity - single exposure {Category 3)

GHS Label elements, including precautionary statements

Pictogram

Signal word

Hazard statement(s)
H315
H319
H335

Precautionary statement(s)
P261

P264

P271

P280

P302 + P352

P304 + P340

P305 + P351 + P338

Sigma - S7067

p

<>
Ve

Warning

Causes skin irritation.
Causes serious eye irritation.
May cause respiratory irritation.

Avoid breathing dust/ fume/ gas/ mist/ vapours/ spray.

Wash skin thoroughly after handling.

Use only outdoors or in a well-ventilated area.

Wear protective gloves/ eye protection/ face protection.

IF ON SKIN: Wash with plenty of soap and water.

IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for
breathing.

IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if
present and easy to do. Continue rinsing.

Page 1 of 6



P312 Call a POISON CENTER or doctor/ physician if you feel unwell.

P321 Specific treatment (see supplemental first aid instructions on this label).
P332 + P313 If skin irritation occurs: Get medical advice/ attention.
P337 + P313 If eye irritation persists: Get medical advice/ attention.
P362 Take off contaminated clothing and wash before reuse.
P403 + P233 Store in a well-ventilated place. Keep container tightly closed.
P405 Store locked up.
P501 Dispose of contents/ container to an approved waste disposal plant.
HMIS Classification
Health hazard: 2
Flammability: 0
Physical hazards; 0
Potential Health Effects
Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye irritation,
Ingestion May be harmful if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Synonyms : 4-(4-Fluorophenyl}-2-(4-hydroxyphenyl)-5-(4-pyridyl)-1H-imidazole
Formula . CopHq4FN30O
Molecular Weight 1 331.34 g/mol

CAS-No. [ EC-No. [ Index-No. [ Concentration
SB 202190

152121-30-7 [ - [ - [ -

4. FIRST AID MEASURES

General advice
Consult a physician. Show this safety data sheet to the doclor in attendance Move out of dangerous area.

If inhaled
If breathed in, move person info fresh air. If not breathing, give artificial respiration. Consult a physician.

In case of skin contact
Wash off with soap and plenty of water. Consult a physician,

In case of eye contact
Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

Conditions of flammability
Not flammable or combustible.

Suitable extinguishing media
lJse water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire fighting if necessary.

Hazardous combustion products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx), Hydrogen
fluoride

Explosion data - sensitivity to mechanical impact
no data available
Sigma - ST067 Page 2 of 6



Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Use personal protective equipment. Avoid dust formation. Avoid breathing vapors, mist or gas. Ensure adequate
ventilation. Evacuate personnel to safe areas. Avoid breathing dust.

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in suitable, closed containers for
disposal.

7. HANDLING AND STORAGE

Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated place.

Recommended storage temperafure; 2 - 8 °C

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substances with occupational exposure limit values.
Personal protective equipment

Respiratory protection

For nuisance exposures use type P95 (US) or type P1 {EU EN 143) particle respirator.For higher level protection
use type OV/AGIPY9 (US) or type ABEK-P2 (EU EN 143) respirator cartridges. Use respirators and components
tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU).

Hand protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without touching
glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratory practices. Wash and dry hands.

Eye protection
Safety glasses with side-shields conforming to EN166 Use equipment for eye protection tested and approved under
appropriate government standards such as NIOSH {US) or EN 166(EU).

Skin and body protection
impervious clothing, The type of protective equipment must be selecled according to the concentration and amount
of the dangerous substance at the specific workplace.

Hygiene measures
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end of

workday.

Specific engineering controls
Use mechanical exhaust or laboratory fumehood to avoid exposure.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance

Form solid

Colour no data available
Safety data

pH no data available

Sigma - S7067 Page 3 of 6



Melting/freezing
point

Boiling point
Flash point

Ignition temperature

Autoignition
temperature

Lower explosion limit

Upper explosion limit

Vapour pressure
Density
Water solubility

Partition coefficient:

n-octanol/water

Relative vapour
density

QOdour
Odour Threshold

Evaporation rate

no data available

no data available
no data available
no data available

no data available

no data available
no data available
no data available
no data available
no data available

no data available

no data available

no data available
no data available

no data available

Chemical stability

Stable under recommended storage conditions.

10. STABILITY AND REACTIVITY

Possibility of hazardous reactions

no data available

Conditions to avoid
no data available

Materials to avoid

Strong oxidizing agents

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides {NOx), Hydrogen

fluoride

Acute toxicity

Oral LD50
no data available

Inhatation LC50
Dermal LD50
no data available

11. TOXICOLOGICAL INFORMATION

Other information on acute toxicity

no data available

Skin corrosionfirritation

no data available

Serious eye damage/eye irritation

no data available

Respiratory or skin sensitization

Sigma - S7067
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no data available

Germ cell mutagenicity
no data available

Carcinogenicity

IARC: No component of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinegen by ACGIH.

Reproductive toxicity

no data available
Teratogenicity

no data available

Specific target organ toxicity - single exposure (Globally Harmonized System)
Inhalation - May cause respiratory irritation.

Specific target organ toxicity - repeated exposure {(Glohally Harmonized System)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Ingestion May be harmful if swallowed.

Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye irritation.

Signs and Symptoms of Exposure
To the best of our knowledge, the chemical, physical, and toxicological properties have not been thoroughly investigated.

Synergistic effects
no data available

Additional Information
RTECS: Not available

12. ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and degradability
no data available

Bicaccumulative potential
nc data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available
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13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable solutions to a licensed disposal company. Contact a licensed professional waste
disposal service to dispose of this material.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION
DOT (US)
Not dangerous goods

IMDG
Not dangerous goods

IATA
Not dangerous goods

15. REGULATORY INFORMATION

DSL Status
This product contains the following components that are not on the Canadian DSL nor NDSL lists.
CAS-No.
3B 202190 152121-30-7

WHMIS Classification
D2B Toxic Material Causing Other Toxic Effects Moderate skin irritant
Moderate respiratory irritant
Moderate eye irritant

This praduct has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the
MSDS contains all the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Further information

Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.

The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does nol represent any guarantee of the propenies of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product, See reverse side of invoice or packing slip for additional terms and conditions of sale.

Sigma - 87067 Pagef of 6
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Cloned Dendritic Cells Can Present Exogenous Antigens on
Both MHC Class I and Class 1l Molecules'

Zhenhai Shen,** Glen Reznikoff," Glenn Dranoff,' and Kenneth L. Rock***

Pathways for presenting proteins from the extracellular fluids on MHC class 1 molecules have been described in macrophages.
However, it is uncertain whether similar mechanisms exist in dendritic cells, because conventional preparations of these cells can be
contaminated with macrophages. We addressed this issue by transducing granulocyte-macrophage CSF into hone marrow cultures
followed by supertransfection with myc and raf oncogenes. These immortalized clones displayed dendritic morphology, and many
expressed the dendritic cell-specific markers DEC-205 and 33D1 as well as high levels of MHC molecules and costimulatory mole-
cules. Using these cloned dendritic cells, we found that exogenous OVA could be presented on both their MHC class | and class Il
molecules, This presentation was markedly enhanced when the Ag was particulate and internalized by phagocytosis. Presentation of
particulate OVA on MHC class | molecules was insensitive to the weak base chloroquine, but was blocked by peptide aldehyde
inhibitors of the proteasome, indicating that the class I-presented peptides were generated in the cytosol. Brefeldin A, which inhibits
the exocytosis of newly synthesized proteins from the endoplasmic reticulum, also inhibited Ag presentation. These results establish
that dendritic cells can present exogenous Ags on MHC class | molecules and appear to use a similar phagosome to cytosol pathway
as macrophages. Therefore, dendritic cells are likely to play an important role in generating immune responses to tissue transplants
and tumors in vivo. Furthermore, these findings provide an approach for targeting vaccine Ags into these cells to prime immune

responses in vivo.

HC class | molecules play an important role in im-
mune surveillance by displaying antigenic peptides on
the cell surface (1). The majority of these presented
peptides are generated by a multicatalytic proteolylic particle, the
proteasome, which is present in the cytosol and nucleus of all
eukaryotic cells (2). These antigenic fragments are then translo-
cated into the endoplasmic reticulum (ER)* by the transporter as-
sociated with Ag presentation (TAP), where they bind to newly
assembled MHC class [ molecules and then are transported to the
plasma membrane (1). As a consequence of these mechanisms,
class I-presented peptides are derived in most situations exclu-
sively from cellular and viral proteins synthesized by the APCs.
Ags in the extracellular fluids do not gain access to this pathway in
most cells and fail 1o be presented (3).
However, a subset of APCs can present exogenous Ags on class
I molecules (4, 5), and this process is markedly enhanced when the
Ag is interpalized by phagocytosis (6. 7) or macropinocytosis (8).
In these cells the exogenous Ag is transferved from the endocylic
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compariment into the cytosol where it is degraded and presented
by the classical MHC elass [ pathway (8-10). Alternatively, in
some cases peptides from the exogenous Ag appear to be gener-
ated in the endocytic compartment and to bind to MHC class 1
molecules on the cell surface (7, 11-13).

The APCs that can present exogenous Ags on MHC class [ are
quantitatively recovered from lymphoid tissues in a low density
fraction that is enriched in macrophages and dendritic cells (DC)
(5). That macrophages can mediate this form of Ag presentation
has been shown in assays with highly purified macrophages and
cloned macrophage cell lines (14). Tt has been more difficult to
address whether DC possess a similar Ag-presenting capability
because purified preparations of these cells are often contaminated
with macrophages. Therefore, this question can only be resolved
with abselutely pure DC. This is an important issue because DC
are extremely potent APCs that are believed to play a key role in
the initiation of T cell responses (15). This was the rationale in the
present study for solating cloned dendritic cell lines.

The exogenous pathway is active in vivo (6, 16) and probably
plays an important role in generating CTL responses in several
situations. A major pathway for stimulating CTL to tumors and
transplanted tissue involves the representation of tumor or alloan-
tigens on host bone marrow-derived APCs (17-19). Moreover, a
similar pathway may be involved in generating anti-viral responses
(3). Finally, this pathway can be exploited for stimulating T cell
responses o Ags in vaccines (20). Therefore, 1t is important to
elucidate the underlying cellular and molecular mechanisms un-
derlying this pathway of presentation

Materials and Methods
Cell lines and Abs

NIH J2 Leuk was provided by Dr. U, Rapp (Wurzburg. Germany) (21)
FDCP-1 is a GM-CSF-dependent cell line used 1o measure GM-CSF pro-
duction (22). The retrovirus-producing <ell line Crip MFG-murine GM-
CSF (23), the macrophage cell line A3 LAT (14), and T-T hybndomas
RF33 70 (anti-OVA, K" (24) and MF2.2D9 (anti-OVA ' [A") (6) were

0022-1767/92/302.00



provioushy describeds maAbs Y3 wnli-H2Z K™ 2550 YIP ainn-lag Qo
G2 wann-FepR 270 100 10AT G- B 085 GE- o312
CHLUNYNEE Tt HOAM D O30 DY cant-Ly 071 0300 M34Y ann-
Thy- Dy (320 MHA7O0 cmti-Nac- Dy 0330, NEDC TS ind-DEC-205) (34,
B350 and Momsa-2 0300 were provaded by the Baboratones of origin
American . Type Cullre

mndor ohiained o the Collection

tRacksilie, MDDy,
Inarorbdization of (O

Bone msarow celdls flushed from the femurs and tibias of C37BL#6 anee
e Jachson Laboratories, Bar Harbor, ME) were depleted of RBC by
ammoninn chilarde reanment, Noackeated cells (3 10°) were then in-
lected with an amphotrepic, replivition defeclive, retrovirus-expressing
mutime GM-CSE (CRIP MFG-murine GAM-CSEj by cocultuvation for 48 I
in the presence of pohybrene as presiowsdy desciibed 1371, Nonadherent
cells were disphiced by pentle pipetting amd then placed into culture in
Mewelb dishes i the preseace of RPML 1077 FOSand 10 ngéml murine
GM-CSECellowere refed every 2 dins. Cultnres developed an adherent
monolaser and clusters of DO colontes. Cultures were dispersed when
cantfuent ad placed mto mediom dacking GAM-CSEL Afer an addivional 2
whon cultare inthe absenee of GM-CSE o expand the cell population, the
Hoating cells were coltected and nlected with a seirovirus eneuding mve
sl et Asing superatant (30 ey frome NIH J2 Leuk colis, After 36 5 al
37 Cotloating cells were coltected, washed. and resuspended in DMEM
ligh plucose supplemented with 1% FOCS, e-glutamine, and antibiotics
and passaged e tissue cultare ks, From these cell fines DC were sub-
coned by limiting dilation. For the subcloning amd igitial passage. condi-
tionwed wiedin 3070 from the ancloned DXC Tmes was added w the cultare
scding

fmmunotiucrescenoe

Immunofuerescenve staining was performed as previousdy deseribee (38)
Hoelly dendritie clones were incubated with maAb-coniiaing supernatanis
e A5 i a4 Cotollowed by FITC-conjugated poatanti-rin fgGor FETC-
vempugated goat ant-motse TgGoolAe Cappel Qrganon Teknika Corp,
West Chester, PAL Samples were analy zed on o FACScan Bow eylomeler
tHectan Ihickinson).

RNA estraction and R1-PUR

Total RNA was extracted trom celbs and garilied using the RNcisy Total
RNA R Quagen, Chasworth, CA L and ¢DNA was prepared ising revernse
wanserpline, The  oligonucleatide  priomers COTTTGTGCCCAGCCT
TATA weomplementivy o the positive strand ol DEC-205 sequenee, po-
siton 478 aned CATTCTTTTCCCAGTTACCT ceomplementany ta the
nepatne strand ol DEC208 sequence, position 6851 were synthesized by
the Moleeubr Biology Core Facility of $xana-Faber Cancer Tnstilute, A
plasmid continning 57 kb DEC205 CDNA kindiy provided by D,
Wanging Jiang and Michel Nussensweig, Rockeleller Univensity, New
York, MY and cDNA Trom sanjous clores swere ased as templates in PCR

redction. PCR-amgpliticd products were anabyzed oo 12% agamose pel
Asans tor phagocytosis

lor albraserecturad analy sis, D24 cells were incubated with latex beads ¢3
ponin diametert i H-cm diameter cultare dishes at 3790 Tor 3 min. aist
then washed and fved with T paraformaldehyde, Subseguent empedding,
ulteatiim sectionise. and clectron nueroscopy were performed an the Core
Facithty o Harvard Medical School (RBosten. MAL For immunotlueres-
vetve gy, eelis were plaed on coverships, wenbated with FITC-con-
jugiged Lates beads (3 pnvin dinmeters ar 37°C Tor 30 minn and washed.
Cells were exammed on o uerescence micrascope {with the help of Dr.
Joel Ssanson, Hinvand Medical Schooly and try pan blue (Fisher Scientiliv,
Pisburgh, BA: 2360 pll S0 was added to guench eatrace ludar FETC
cenigated beads.

Prepaniion ol Ag hoadds

Irene oaede beads tirem PerSeptive [hagnostics, Cambridge, MaA) were
vovalentdy comjugated 1o chicken egg OVA according to manutucturer’s
instrugtion. FITC 8 Sigma Chemical Col St Louis, MO) wis passively
abserbed o Eatex bewds (Palyscience, Tne. Warangten, PAC 1 pomin di-
ametert according (o the manutacturer’s instruglions.,

Al presentation assavs

AT were incubated inoserumi-free OpaMEND (Lile Technologies, Gaitli-
cishurg, NI supplememed with Nuiridena tBochzinger Mannhenn. In-
duaapodis, I tor 300t 370 with or sathoat the inhibitors brefeddin

FXOGENOUS Ag PRESENTATION BY DIENDRIIC CEHES

A

FIGURE 1. Photemicrographs of DC A DU 00 and macrophane
colls ¢ AL TATY Magnilication, =40,

A S ppdml Sigma Chemical Coon chleroguine 1100 sy Sigma Chemicad
Cooreytochalasin 305 pamil: Signwa Chemical Coun, Lol ol uM) LM
00 AL and MGEI2 0 g followed by the addition of Az, Ag was
added in soluble form or bound 1o jron oxide beads. Tn some cases, OVA
was laaded onto the eytosol by osmotic Iy sis of pinosomes €393, o1 SN
FEKL was eapressed i ihe cxtosol using g vaceini recombimat gl
from Brs. Jon Yewdell and Jack Benninky t:hh. Afwer 5-h incubation
I7C the celis were washed, fived with 1 paralormaddebyde solution,
and added W miceotiter plates, Inosome sy s live APC (10°well were
incubated with varying concentrations of Ags o 200 of culture medim
in Hat-bottom microtiter plates. The culiure medivnm was RENM 1600 pre-
pared as previously deseribed and containing 0.25 g0 indomethacin €414
Specifiv F-T ybrids were added w the micretiter plates and inculsged o
20 bean 3P0 adter wiich an aliquat 100 gidy ol supermatant wis collecied
and freese-thawed. The [1-2 content i culture supermatants s assayed
using an H-2-dependent cell Tine CTLL o previeusty described (42, 43

Results
Isclation of cell lnes with DC mormhology

iU is well eatablished that bone marrew-derived DO can be coltured
in GM-CSF for short periods (44, 351 We atempted e develop
long term cell Tines by transducing bone marrow cells with GAl-
CSF. This resulted in the growth of cell populations that contnned
a subpopulation of cells with denditic morphology. However.
growth of these DC was ot sustained bevond 6wk, wnd we were
umahle to clone them.

We, therefore, modified this approach by superinfecting GM-
CSE-transduced bone marrow cells with ive and ruf oncogenes,
The resulting cefl pepelaions contained cells witd dendritic mor-
photogy that continued to grow in culture. By limiting dilution. 20
clones of DC were abtained in 4 ta 5 wk. These cells had prom-
inent dendritic processes and ruflled edges g 1Ay that were not
abserved on nniwrophages (Fig. 181 they attached w plastic wud
then detached over time. so that cultures contaaed both adherem
and Hoating cells. Where examined, the DC ¢lones do not continue
to make measurable GM-CSE using a sensitive biosssay (diata not
showny. Fhese DO clones Bave heen in culture for =0 me il can
be frozen with ervopreservadives and thawed with good viabitis,

Characterization of cell surtace mofecules

We characterized the surface phenotype of these DO clones by
inmunofiverescence and How cytometry. ndividual fluorescence
histograms for one clone are shown in Figure 2 04 K and the
phenetypes of several different clones are sammaized in Table
All clopes Tacked T cell-specific e.g. CI3yand B oeell-specihic
tsurfuce 1oy markers tdata not showny, Most ol these cells ex-
pressed high levels of AHC cluss Band class 11 molecules. the
costimulatory molecules B7-1and B7-20s well as CRI2 (FeyRIT
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Usurnnnnn ab suttace phicaob pe o represenfiatnoe lones ar DU companed

watte that of macrophage cells . VL TAT Tone representative DO Clones amd A3 AT
st st by indimec ummunet loosese ene wath b soperatants o the idic ated
sprecibicsfes iollos e By appropmaie FITC < onpugated secondan Abs as descabvd
Mateends ek Nictheods Relataoe Huotosence artensats isomdee ated vt plus anl
e sty odte plis copresents approsimatebs one log scade,

and CD34 antraceludar adhesion molecute- 1), These markers have
ath heen reported on cultured DO (364810 although they can also
be expressed on other cell Lypes.

Ihe most specihie markers For marine C are the DEC-205 mod-
cotde recognized by the mAb NLIXCRES ¢ and the Ag detected
by the inAh 3321 35) NLDOTS stained many of the C clones.
e, DOL2 DO, and DAY (Fig, 2. The expression of DEC-
205 in these cells was confirmed by RT-PCR (Fig. 3). The other
dendritic nrrker, 331, also stained several clunes. As expected.
the macraphuge cells ALTAT did nat express DEC-205 dfig. 2
o 331 cdada ot showny, We concluded from these ceriteria that
these cells represented cloned DO

There were seme hines with dendrgtic morphology that lrcked
the expression ol both dendritic isarkers ¢Table [y For 33D this

FIGURE 3. Analvsis of RE-PCR products o 120 anarose ael foe
foA DN HeI dhigests Lre 2 PIINTTD RE DINAC Ll dioest: Lree
3PCR product asing plasmid contamme RO 205 00N A s template
fare -1 RT-POR product of mRNA oy A3 TAT norophages lame
RIE-PCR product of mBNA from 13O 2500 fane 60 RE-PCR prodhet o
MENA from D24

might simply reftect the sensitivity of the immunolluorescence
assay because even on the DO where we detected expression,
the intensity of staining was weak. Towever. these cells were
alse negative Tor the others dendritic marker, PEC-205 by both
imununouorescence and RT-PCR. The DEC-205-positive and
egative eolls otherwise appeared to express the same surlace
malecules ond were indistinguishable from one another on mor-
phologic eriteria. 1is possible tiat the DEC-205-negatye cells
are of another lincage ol cells tep. wonocytesy or that there
is heterogencity s the ospression of DEC-205 and 33D1 by
prinany solated DC



FIGURE 4.
Lates hoeads for 30 min at 37 < and then washed and handled as
doesenbedd in Materials and Methods, Magailication, <8000,

Uttrastiuctuee of P02 incubated with 3 pem-cliameter

DO clones are phagocvtic

To determine whether the D clones were phagoeylie, they were
mcubated with Tatex beads. When viewed by phase microscopy.
the DC appeared 1o rapidly inteenalize these particles {data not
shown). To determine whether the beads were ingested and not
simply bound ta the cell surface, we smitially performed ulwastrue-
wral stwdies. Figure 4 shows an electron micrograph of DC2.4
cells incubated with lates beads at 37°C for 30 min. Numerous
beads were visualized in maost cells and appeared o be i vesieles,
However, i is possible that surtace-bound beads could give a sim-
ilar appearance, depending en the plane of sectioning. Fherefore.
to urther verify that beads were inteenalized into cells, we per-
Tored s immunogitorescence analysis. The DU were incubated
with FITC-labeled Latex beads and then imalyzed by [Tuorescence
microscopy. Trypan blue was added 1o queach the fuorescenve of
beads vutside the cells. Figure 3 showed both phase (Fig, 54 and
Nuorescence g, 34) images of representative celis. Most DC
contained bewds whose lluorescence was not quenched with trypan
bluc. The fluorescence of swface-hound or free beads was
yuenched. These analyses indicated that the DC clones are
phagocytie,

Presentation of EVA on ANIC class T and class I molecaloes

The availability of cloned DO aliowed us o examine their Ayg-
presenting capabilities and particukarly whether they could present
exagenous Ags on MHC class | molecules. The presentation of Ay
was detenmined by omeasuring the production of 11L-2 trony
hybrids specilic for OVA pepudes bound o MHC class T mole-
cules. DO2J cells, arepresentative DO clone. presented on MHC
class T modecutes hork soluble OV A and particulate OVA added 1o
the cultuee mediom (Fig. 645 However, compared with soluble

EXOIGENOUS Ag PRESENTATION BY DENDRITR TS

A B

FIGURE 5.
diamiter Fatex beads conjugated wah FUIC Tor 30 min ab 3770 and

12 are nhavocyie . Cetls were incubated withy 4om
then quenched sath s pan blue (25, pHE 53 Both phase ey and
Huorescencoe o8y pictures of the same Neld sere ke, Many intracel-
Jular tluorese et beads are o the plane of focus, Extracelular beads
swore not fluorescent in any plane ol focus, Magnitication, 610
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FIGURE 6. Presentation of exopeious OVA and soluble OVA on

MEIC Class Tand class I motecodes. APCs 3 0 10 wetls and RE33.70
A and 5 10 A el o MF22D9 080 5 < 10 well and the
incdicated amount of head-conjupgated OVA o soluble OVA were cul-
tured in microtites plates 200 ph Cultures sere then handied as de-
sorthed i Materdals and Methaods, A, Preseotation of Dead-conjupated
OVA apen squate) and soluble OVA fopen triangier by DC2 4 cellvon
MO class | mofecules; B presentation of bead-conjugated OVA Dy
130 2.4 topen squaret ancd ATTAT topeir triangler on SIHC class fmol-
ceates. € Presentation of head-conjugated OVA by various DC cfones
o MHC class T molecules, 1), Presentation of bead-conjupated OVA
wpen suaret and soluble OVA wpen triangler by BO2LE cells on
MEIC Class 1T molecules,

OV AL the presentation of bead-bound OVA was 100 10 T0D0-Tokd
more ellicient (g 640, ther DC clones were similarty capable
ol presenting OVA on MHC class T molecuies thg. 65 This
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Ehect of cvtochalasin B on exogenous OVA presentation
TO%mls were pretreated

FIGURE 7,
an MEC class T molecules 102 3 colls 12 F
with 5 pednl Gvtachalasin B fve 30 min (open triiangley or medium
alone iopen sguare) follow ed by the addition of bead-conpugated OVA
2O il A o hypotonic toaded OVA by Bysis of ninosome /2 me/ml;
81, further incubated for 6 h, and then fixed with 19 paralarmalde-
hvde, Cells were lhen titrated i miceatiter plares (IO0 ey, and the T-T
hybrid celts (5 = 10%well, RF31.70 1A and B1. were adided to the
cultures 1200l totah and handled ay deseribed in Alaterials and
Aothods.

Ag-presenting capability was similar to that of ALTAT o macro-
phage vell ine (Tig. 6/ (11 Stieee the DC were pure clones, we
conclude thal the pathway for presenting exogenous Ag on class
molecutles is active in these APCs.

We also examined the abiluy of the DC o present Ag on MHC
class it molecules. These cells presented soluble OV A w an QOVA
plus {A"-specific T-T hybrid (Fig. 62, Similar to the class 1 path-
way, DC24 presented bead-bound OVA more ctficiently than sol-
uble OVA Therefore, a DC can acyuire exogenous Ag and present
it simultanceusly on both class 1 and elass 7T molecules. Compared
with stifurly derived macrophage cell lines, the DO expressed
higher levels of MHC cliss [F moleenles and were more potent at
class 1T Ag presentation (data ot shown). Without IFN-y stimu-
lation, the macrophage cell lines were either incapable or only
weakly able 1o present Ag on cfass I (14).

Presentation of particulate OVA was inhibited by
cyvlochalasin B

Phagocylosis was previowsly shown to be crucial for the presen
tation of particulate OVA by macraphages (11, 14). Here we ex-
amined the effect of cytochalasin B, an inhibitor of phagacytosis.
on the presentation of OVA by DC. Freatment with cytochalusin B
(5 pg/mi) inhibited the presentation of bead bound OV A on MHC
class T molecules (Fig. 745 1n contrast, this agent did not afiect
presentation when OV A wus loaded directly into the cytosol (Fig,
780, which indicates that it s interfering with an carly event in the
exogenaus pathway and not at other steps in the class | pathway,

Presentation by (0 of exogenous Ay on MHC class !
molecules is chloroguine insensitiveo

The presentation of exegenous Ags on MHC class [ molecules in
sOme cases involves proteolvsis of the Ag in the cviesol (8 - 10
wikle i other cases the proteolysis appears w accur in the endo-
HE=130 T6 was of mterest to determine
which of these mechmmans was operative in DO

cytc compartment (7.
To imvestigate
whether presentation required proteolysis in soidic vesicles, we
weated the DO with chloroguine during exposure 0 2x0genous Ag.
Chleroguine raises twe pllin the endesomal and fysosomal cor-
purtments amd thereby inbits protein hydrolysis by cathepsins,
which require an acidic envirorment for activity (30, 515, Treal-
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FIGURE 8. Eiecl ol chlorequine on exogenous OVA presentalion on

MHC class | and class ) molecules, 1DC2.9 cells (2 < 10%ml) were
pretreated with 100 ad Chloroguine for 30 mun toper triangled or with
mediun alone lopen squarel followed by the addition of bead-conju-
gated OVA GO pg/mb). further tncnbated for 6 h, and hxed with 1%,
paratormaldehvde. Cells were then litrated i microtites plates (100
pdi,and the T-1 hybods (5 = 10 % welly, RF33.70 047 and ME2.209 [/,
were added o the cultores 200 pd otab and handied as described in
Materidds and Methods,

ment with chloroguine did not inhibit the presentation of particu-
late OV A on MHAC class 1 molecules (Fig. 84 In fact, this agent
actually slightly enhanced this presentation. suggesting that prote-
alysis 1 vesicles might be limiting the availability of Ag tor ¢lass
[ presentation. In contrast, chtoroguine treatment completely in-
hibited the presentation of bead-bound OV A un class 1 maolecutes,
as expected (Fig. 881 (52). This latter inding serves s a posiiive
contral for the effectiveness of chioroguine in blocking proteolysis
m vesictes. These results suggest that the class I-presented peptides
are being generated outside of the endocytic comparments in DC.

Role ol the proteosome v class | preseatation bne ¢

The other major pathway for degrading proteins in cells is meds
atedd by proteasome in the cytosol and nucleus (333 This pathway
is responsible for generating the majority of clasy 1 presented pep-
tides from endogenous cellular and viral proteing (23 and has been
implicated in the presentation of exogenous Ags by macrophages
i9). Theretore, we next examined the effects of pepude aldehyde
mhibitors of proteasome (2} on the presentation of exogenaus
OVA by DC. As shown in Figure 94, two of these inhibitors,
Linl and MGI32,0inhibited the presentation of pacticulate OVa
on MHC cluss T molecules. In contrast, a closely related pepride
aldehyde. LLM, did not inhibit the preseniation. This agem serves
das uospecticity contred because it has activity similar (o those of
Llnb and MGI22Z on thiol proteases, bui is much less potent
againal the proteasome (23, Furthernore, LLnl, and MG132 did
not inhibit the presentation of the OVA peptide SIINFEKL ex-
pressed in eytosol from a minigens in & vaecinia virus construct
140y (Fig. 9B These results indicate that LEnL and MGI132 in-
hibil the presentation of exogenous OVA hy inhibiting peptide
generation by the protcasome and not by affecting other steps in
the class 1 pathway.

Bretefdin A inhibited head-conpugated OVA on botl M
class L and class 1 molocules

Brefeldin A blocks the exocytosis of protens [rom the endoplas-
mic retieulom and Golgr contplex and thereby prevents aew v as-
sembled peptide-MHC inolecales from reaching the cell surface
(51 The preseotation of exogenous Ag on MHC clss I molecules
by 1he vacuolar pathway has been reported (o he insensitive o this
intubitor (7. 11, 133, while presentation by the cytosolic pathwiy

s inhibited by brefeldin A (8-, We therefore examined the
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FGURE 9, Exogenous OVA presentation was inhibited by protea-

some inhibitors. 13024 cells were preincubated with medium alone
fopen square), 40 M Lok open diamond), 40 ph LM (open circle),
of 10 LM MGTI2 topen triangle) for 30 min followed by the addition
of bead-canpupated OVA 150 pg/mb for 6 h {A) or infection with re-
combinam vaccinia virus eacoding the SIINFEKL peptide {10 plague-
torming units/celis for 3 h (61, Celis were then fised with 1% parafor-
maldehycle and incubated with RE33.70 (10%weliy lir 20 h {200 pl).
Cultures wete ther handled as described in Materials and Mothads.

effect of this agent on the presentation of exagenous OVA by DC.
Brefeldin A (5 pg/ml) completely inhibited the presentation by
DC24 cells of particulate OVA on MHC class 1 molecules (Fig.
10A) and also inhibited the presentation of OVA on MHC class 11
molecules (Fig. 108, suggesting a role for newly synthesized
class I molecules in presentation of Ag by these DC.

Discussion
Properties of cloned OC

DC ure present in both bymphoid and somatic tssees, but in rel-
atively low abundaace (55). Consequentdy. it is difficult to obtain
large numbers of these cells with a high degree of purity. Many
types of studies would be faciliated by the availability of reliable
methods to isolate large numbers of homogeneous DC. Larger
numbers of these cells can be obtained by culturing precursors
from peripheral blood or bone marmrow in GM-CSFE and other cy-
tokines (44, 45). This has been an important advance; however.
these culres typically contain other contaminating cell types, and
this approach has not allowed the isolation of cloned DC lines. We
also failed to grow clones of DC from bone marrow cultures trans-
duced with GM-CSF. Presumably, GM-CSF stimulation is not sul-
ficient for immerial growth of DC or their progenitors. This is

consistent with previous swdies examining the reconstitution of

lethalty irradiated mice with bone marrow that had been infected
with a replication defective. retrovirus-expressing GM-CSFF (56).
Although a myeloproliferative disease occurred secondary to con-
stituiive GM-CSF secretion in the primary recipients, this did not
evolve into a clonal leukemia. Moreover, the myeloproliferative
disorder could not be fransplanted into secondary recipients (56).
However, we found that supertransfection of mye and raf into GM-
CSI-transduced cultures immortalizes these cells. In this case GM-
CSF probably acts in a paracrine manner to expand intectable DC
because josnortal growth s maintained without the clones produc-
g detectable levels of this cytokine. Similar approaches to im-
mortaiize DU using oncogenes (without GM-USE) have been re-
ported by others (57, 58), although whether the isolated cells are
bona fide DC has not been firmly established in all cases.

The inttial eriteria we ewployed tor identitying DC was imor-
phologic. These clones had very obvious dendritic processes and
veils, which was an appearance we had never observed in cells
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FIGURE 11, Eiect of breteldin A on exogenous OVA prosentation

an MHC class Land cdlass Hmolecules. D24 cells (22 10 mib were
pretreatod with & pg/ml brefeldin A for 30 min (open tiangle) o me-
dium alene {open square) followed by addinon of beads conjupated
OVA (50 pg/ml), further incubated for 6 b, and fixed with 1% para-
formaldehyde. Cells were then titraled in microtiter plates (100 ul;j,
and the T-T hybrids (5 % 10%wolly RF33.70 {A) and MF2.2D9 (81 were
added to the cultures (200 pi total) aad handled as described in Aa-
terials and Methods.

growing fram [resh bone marrow infected with the same sive- and
raf-expressing retrovirus (a procedure yiekling macrophage and B
cell clones) (14) (our unpublished observations). That at least some
of these cells were indeed DC was confirmed by their expression
of specific DC markers, DEC-205 and 33D1. These cells also ex-
pressed other melecules that are typical for DC. including high
levels of B7 fumily members and MHC class 1 and class I mol-
ccules. They also expressed other receptors that are not preseat on
freshiy isofated DC, such as CD32 and Macl, but which are found
on cultured DC (47, 57, 59, o).

The DC cleones can avidly internalize micrometer-sized parsi-
cles. This process requires microfiliments, and the patticles arg
tound in cells in large vacuoles. Therefore, the DC are phagouytic
This property has previously been observed for cultured DC and
XC resident i nissues (61, 62). We show that this activity is im-
portant for the presentation on MHC molecules of peptides from
particulate Ags (further discussed below).

We also 1solated clones with simitar morphology but that facked
cxpression of DEC-205 and 33D1. Given the simitarily of their
appearance and their expression of ather cell surface nolecules to
the DEC-205-positive clones, we favor the possithlity that these
cloties represent different subsets or different stages of maturation
of DC. This interpretaticn would be consistent with other data
demonstrating phenotypic heterogenceity in (reshly isolated and
cultured D (63-65). However, in the absence of other objective
crieena, w is diflicult to mle oul the possibility that these DIC-
2¥5-negative cells represent some other unrelated cell lineage or
that their phenotype is abberent and an artifact of the immortal-
ization conditions,

The immottalized DC tines are hamogeneous and easily growa
These properties should be useful 10 studics exploring the celi
biclogy and biochemistry of these cells. We have used them ¢
analyze the Ag-presenting pathways that are operative in these
cells.

Presentation of exogenous Ays v DC

The major questien addressed by the present study is whether DC
are capable of presenting Ags from the extracellular fluids on
MHC class T molecuies. Previously, cells with this capability were
detected in fractions from both spleen and thymus enriched m DC
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(5, 16} However, these same fractions contained some macro-
pirages 153, and macrophages bave been shown to have this Ag-
presenting activity (11, 143, Qur present results conclusively dem-
vnstrate that cloned DC that are free of macrophage contamination
can present exogenous Ags on ciass I molecules. This pathway of
presentation was detected inmultiple ditferent clones,

Soluble OVA added 10 culture medium was presented on class
I molecules by DC. but required high concentrations of Ag. Ap-
proximately 1CG00-fold less Ag was required when the OVA was
conjugated to a microsized particle that was internalized by phago-
eytosis. This enhanced presentation was blocked by cytochalasin
B, which disrupts phagoceytosis but nor other endocylic processes.
These results are similar to earlier findings with macrophages (14)
and indicate that clags 1 molecules can monitor the contents of
phagosomes and potentially other cndocytic compartments in DC.
One such compartiment might be the macropinoseme. because this
b @ osite o other cells that has been implicated in the delivery of
exogenous proteins into the class T pathway (8Y, and wacropine-
cytosis occurs m [XC (66).

Two distinet pathways have been described for the presentation
of intemalized Ags oi class | melecules of ntacrophages. One is
independent of the proteasoms and TAP and is resistant to brefel-
din A7 11135 In this case it is thought that the presented pep-
tides are gencrated in the endecytic compartiment and then bind to
class | moleciles on the plasma metnbrance. The other pathway
requires proteasome ad TAP and is sensitive o trefeldin A (8 -
10). Tn this case. Ags are transferred trom phagosomes into the
cytonol where they follow a common final pathway with endoge-
nous Ags. The presentaton of OVA particles by DC is sensitive to
inhikitors of the proteasorme and brefeldin A, hurt resistant to chlo-
roquine, Theresore, It appears that in these APCs OVA s follow-
ing the phagosome to cytosel pathway. Whether DC also have a
vacuolar pathway lor class ! presentation remains o be
determined.

Compared with macrophage lines, the cloned DC present exog-
cnous Ag with similar efiiciency o MHC class 1-restricted T-T
hybridomas, Nevertheless, it is likely that these cells will be more
elfective in stimulating responses to these Ags because of their
potent immunostimulatory properties, T-71 hybrids only reguire
stimulatton through their TCR, while normal T cells require addi-
tional signals, such ag B7-1 and B37-2, which are expressed at high
levels oo DO Moreover, the DC clones are constitutively better
class {[-presenting cells than macrophages, and this correlates with
higher levels of expression of MHC class 1] molecules.

There is considerable evidence that the pathway tor presenting
exogenous Ags on class T molecules is active in viva (6). Macro-
phages and DC isolated from immunized animals present the in-
Jected Ag on their cluss [ mwlecules, Moreover, injection of anti
genic patticles primes CTL responses (6. 20). This pathway
probably plays an imporiant role in generating immunity in several
pathologic situations, including respenses against lissue trans-
plants. tumers, and possibly even viruses (3, 17 -19). In some of
these sitations, the exogenous pathway iy be the major mech-
anism for initiating responses. This may be because the somatic
cells thar are producing the Ag are themselves poor stimulators of
immunity. and professional APC, such as the DO, ae needed 1o
prime responses (15).

The exogencus class T pathway can potentially be exploited to
generate CTL immunity to prateins in vaceines. Conventional vac-
cine preparations generally fail to clicit CTLL responses, presur-
ably because the Ags fail 1o be presented in viva, However, pat-
ticles can he used to target proteins into pliagocytes, and this is
effective inconferving protective CD8 T cell immunity (6. 20). The
existence of the phagosame to cytosol pathway in DC makes this
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approach particularly altractive. Studying tlus pathway in the
cloned D should help o optimize approaches for targeting Ags
into these key APCs.
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MATERIAL TRANSFER AGREEMENT
Dana-Farber Cancer Institute, Inc.

The University of Western Ontario at 1151 Richmond Street, London ON N6A 3K 7 and its investigator(s)
Dr Lakshiman Gunaratnam (hereinafter collectively referred (o as "Recipient”), in consideration of the
receipt of biological materials (which material has been provided o Dr. Mansour Haeyrlar of The University
of Weslern Ontario by way of Material Transier Agreement dated September 29, 2006 and Dana-Farber
Cancer Insitite (hercinafter "DFCI") herby consents to Dr. Hacyrlar providing said Malterial o Dr.
Lakshman Gunaratnam) hereby agree (o the following terms and conditions:

I. The biological materals to be provided to Recipient are: DC2.4. Matenal(s) shall mean the above
referenced biological materials plus progeny, unmodified derivatives and any accompanying know-
how or data.

2. The Materials shall be used exclusively for non-commercial research by Reciptent to study Testing
conditions that lead to DC maturation after renal transplantation.. The Material(s) shall be used solely
by the named investigator and those under his or her direct supervision. Materials will not be used for
in vivo testing in human subjects. Use will be in compliance with all applicable Federal, State and
local laws and regulations, including, but not imited to animai welfare laws and regulations.

3. The Materials are the property of DFCI. Ownership of modifications and derivatives of Materials
will be determined by the parties hereto depending upon (a) their relative contribution to the creation
of said modifications and derivatives, which is to be constdered but not required in said negotiation;
and (b) any applicable laws and regulations relating to inventorship.

4. Recipient shail not sell or otherwise distribute Matenials to a third party for any purpose. This
Agreement and the resulting transfer of Material constitute a non-exclusive license to use the Material
solely for the basic research or other not-for-profit purposes described herein. Recipient shall not use
Materials for any products or processes for profit-making or commercial purposes.

5. This agreement 1s not assignable.
6. DFCT has, or may, make Materials available to others, both profit and non-profit.

7. To the extent supplies are available, DFCI agrees to make the Material available, under a separate
agreement, to other scientists for teaching or not-for-profit research purposes only. Recipient will
acknowledge DFCI as the source of the Material in all publications containing any data or information
about the matenal unless DFCI indicates otherwise.

8. Recipient will arrange the return to DFCI or disposal of all unused Material whenever mvestigation
for which it has been supplied discontinues or 1s terminated. In the event investigator(s) transfer to
another institution, a new Material Transfer Agreement 1s to be executed.

9. The Matertal hereunder provided is experimental in nature, and it is provided WITHOUT ANY
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. DFCI MAKES NO
REPRESENTATION AND PROVIDES NO WARRANTY THAT THE USE OF THE MATERIAL

https:/fgwwa.lhsc.on.ca/serviet/webacc/7836517b97 7debdfg5e64 70988k, dtem.drn=354929z0&Item.Child.id=&ltem.Attachment.allowViewNative=1 Page 1 of 2
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WILL NOT INFRINGE ANY PATENT OR OTHER PROPRIETARY RIGHT

10. To the extent allowable under applicable laws, Recipient agrees to indemmiy, defend. and hold
harmless DFCT and its trustees. officers, staff, representatives and agents against all damages,
cxpenses (including without limitation legal expenses), claims, demands, suits or other actions arising
from Recipient's acceptance, use and disposal of the Materials and their progeny or derivatives,
except nsofar as such claims result directly from the gross negligence or willful misconduct of DFCI

Accepted by: Institution: The University of Western Ontario

Authorized
Institutional Otficer: ~Investigator: Dr Lakshman Gunaratnain
Title: , Title:
Signature: i ~ Signature: ) i
Date: o Date:

Acknowledgement: Dr. Mansour Haeyrfar, in consideration of section | as provided, hereby acknowledges
and consents to the transfer of DC2.4 cells to Dr. Lakshman Gunaratnam.

By:

Approved by: DANA-FARBER CANCER INSTITUTE, INC.

Date:

Anthony A. del Campo, MBA
Vice President, Office of Research and Technology Ventures

Outbound MTA Agr [Agr ID], 18/05/2010

hitps://gwwa.lhsc.on.casserviet/webacc/7836517b97 7deb4f95e647ba88b. tem.drn=351929z0&tem.Child.id=&Ite m.Attachment. allowViewNative=1 Page 2 of 2



THE UNIVERSITY OF WESTERN ONTARIO
BIOHAZARDOUS AGENTS REGISTRY FORM
Approved Biohazards Subcommittee: September 25, 2009
Biosafety Website: www.uwo.ca/humanresources/biosafety/

This form must be completed by each Principal Investigator holding a grant administered by the University of
Western Ontario or in charge of a laboratory/facility where the use of Level 1, 2 or 3 biohazardous agents is
described in the laboratory or animal work proposed. The form must also be completed if any work is proposed
involving animals carrying zoonotic agents infectious to humans or involving plants, fungi, or insects that require
Public Health Agency of Canada (PHAC) or Canadian Food Inspection Agency (CFIA) permits.

This form must be updated at least every 3 years or when there are changes to the biohazards being used.

Containment Levels will be established in accordance with Laboratory Biosafety Guidelines, 3rd edition, 2004,
Public Health Agency of Canada (PHAC) or Containment Standards for Veterinary Facilities, 1* edition 1996,
Canadian Food Inspection Agency (CFIA).

Completed forms are to be returned to Occupational Health and Safety, (OHS), (Support Services Building,
Room 4190) for distribution to the Biohazard Subcommittee. For questions regarding this form, please contact
the Biosafety Officer at extension 81135 or biosafety@uwo.ca. If there are changes to the information on this

form (excluding grant title and funding agencies), contact Occupational Health and Safety for a modification form.
See website: www.uwo.ca/humanresources/biosafety

PRINCIPAL INVESTIGATOR - L AKSHMAN Gy Na 2 AT A~ AN

DEPARTMENT MEo e RuE

ADDRESS Y00  WESTERN AD

PHONE NUMBER S19-bl =2\, FxT. FLULD

EMERGENCY PHONE NUMBER(S) 5/9- 6%b-41FY , 22 6-463-133

EMAIL LynAl 670 Jw o A

Location of experimental work to be carried out: Building(s) __ $D .1 Room(s) 230,224, 2.3 |

*For work being performed at Institutions affiliated with the University of Western Ontario, the Safety Officer for
the Institution where experiments will take place must sign the form prior to its being sent to the University of
Western Ontario Biosafety Officer (See Section 12.0, Approvals).

FUNDING AGENCY/AGENCIES, k28 8C En~T /K Soc SutmITT ED START—0UP
GRANT TITLE(S): _Mec humarsatf nhibihon  of dange o Q,Mﬂ\mm”
g e Ml 4—on ﬁ/ﬂkV\J *(“Q_\ 20 j?ng\ ha /LIFAV\(;}J.«S{A%.

»/{Jn ﬂ\k‘[ —_ l

PLLEASE ATTACH A BRIEF DESCRIPTION OF YOUR WORK THAT EXPLAINS THE BIOHAZARDS USED
AND HOW THEY WILL BE USED. PROJECTS SUBMITTED WITHOUT A SUMMARY WILL NOT BE
REVIEWED. A GRANT SUMMARY PAGE MAYBE ADEQUATE IF IT PROVIDES SUFFICIENT DETAIL
ABOUT EACH BIOHAZARD USED. ;

Names of all personnel working under Principal Investigators supervision in this location:
Xizhona Arand mo, 4AND)

e L ,d/s.sc

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*



1.0 Microorganisms

1.1 Does your work involve the use of biological agents? @’ﬁES O NO
(including but not limited to bacteria and other microorganisms, viruses, prions, parasites or pathogens of plant or
animal origin)? If no, please proceed to Section 2.0
i
Do you use microorganisms that require a permit from the CFIA? O YES @ NO

If YES, please give the name of the species.
What is the origin of the microorganism(s)?
Please describe the risk (if any) of escape and how this will be mitigated:

Please attach the CFIA permit.
Please describe any CFIA permit conditions:

1.2 Please complete the table below:

Name of Isitknown | Isitknown | Isitknown | Maximum Source/ PHAC or
Biological to be a to be an to be a quantity to Supplier CFIA
agent(s)* human animal zoonotic be cultured Containment
pathogen? | pathogen? | agent? at one time? Level
YES/NO YES/NO YES/NO (in Litres) N
: O Yes O Yes O Yes ha @102 03
£ o ls oG | OAG ®No 2L Trvhogens
Covame v in ]
©-Yes & Yes O Yes i o BOG | timnptrsed | © T B2 OB
Leahvvwn O No O No @MNo ST )  a
O Yes O Yes O Yes » 010203
O No O No O No
O Yes O Yes O Yes Q102 03
O No O No O No

*Please attach a Material Safety Data Sheet or equivalent from the supplier.
2.0 Cell Culture

2.1 Does your work involve the use of cell cultures? @'ﬁs O NO
If no, please proceed to Section 3.0

2.2 Please indicate the type of primary cells (i.e. derived from fresh tissue) that will be grown
in culture:

Cell Type Is this cell type used Source of Primary Cell AUS Protocol Number
in your work? Culture Tissue
Human OYes @No Not applicable
Pl
Rodent @Yes O No Mowse ki clvw,n, 20l 0-03) thlmb

S‘n'la,ﬁLv\’; blac c-k/bz‘.rmm,

Non-human primate OYes oo

Other (specify) OYes Mo

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*



2.3 Please indicate the type of established cells that will be grown in culture in:

Cell Type s this cell type used | Specific cell line(s)* Supplier / Source
in your work? s s
Human Gy{es O No 86-0 361 €, nepo | AT
Rodent @Yes ONo LT, apnc O3 /SASTH AT
CMY a2 s PVl R O
Non-human primate O Yes O No & ’ 4
Other (secify) es  ONo LL R, -

*Please attach a Material Safety Data Sheet or equivalent from the supplier. (For more information, see

www.atcc.org)

2.4 For above named cell types(s) indicate PHAC or CFIA containment level required O1 O2 O3

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? O YES QA0
If no, please proceed to Section 4.0
3.2 Indicate in the table below the Human Source Material to be used.
Human Source Source/Supplier Is Human Source Name of PHAC or CFIA
Material /ICompany Name | Material Infected Infectious Containment
With An Infectious Agent (If Level (Select
Agent? applicable) one)
YES/INO
Human Blood (whole) or O Yes O No
other Body Fluid O Unknown 01 0z O3
Human Blood (fraction) O Yes O No
or other Body Fluid QO Unknown 01 02 03
Human Organs or O Yes O No
Tissues (unpreserved) O Unknown 01 02 O3
Human QOrgans or . .
Tissues (preserved) Not Applicable Not Applicable

4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modificatig
1.0 and 2.0? @)é;

4.2 Will genetic modification(s) involving plasmids be done?

ONO

be made to the microorganisms, biological agents, or cells described in Sections

If no, please proceed to Section 5.0

&rVES, complete table below O NO

Bacteria Used for | Plasmid(s) * Source of Plasmid | Gene Transfected | Describe the change
Cloning * that results
@1’[5 J;) E\(.al( PC{)NPr'S (.ow\mern‘,t‘\i < iM“ ' Unlene D“wg’?ﬂ*’i“

Fachies phesoiyhai
ot m{J,u.‘o‘}U'}'l e Skl i

* Please attach a Material Data Sheet or equivalent if available.

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*




4.3 Will genetic modification(s) involving viral vectors be made? O YES, complete table below O NO

Virus Used for Vector(s) * Source of Vector | Gene(s) Describe the change
Vector Transduced that results
Construction
Le v v PLV)( - Comaw~ti—tiA o M-\ See previown
ﬁnm%’bw{nﬂ:"—b\ or Se,_o_:f"l.h,-\ - l—-—
?ru iy vy Sonha Crun bofeely Lh ﬂ—hﬂ'-)/)] ﬁ"‘//'\‘ :

* Please attach a Material SafetyData Sheet or equivalent.

4.4 Will genetic sequences from the fgloaying be involved?
E

¢ HIV S, please specify _See aftochd  cdau gty ONO

¢ HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens O YES, specify ©NO )&CV(
¢ SV 40 Large T antigen ES ONO =

¢ E1A oncogene OYES O NO

¢ Known oncogenes O YES, please specify QN0

¢ Other human or animal pathogen and or their toxins O YES, please specify @O

4.5 Will virus be replication defective? @’ﬁES ONO

4.6 Will virus be infectious to humans or animals? @YES O NO

4.7 Will this be expected to increase the containment level required? ©YES N0 T 4+

5.0 Human Gene Therapy Trials

5.1 Will human clinical trials be conducted involving a biological agent? O YES 616
(including but not limited to microorganisms, viruses, prions, parasites or pathogens of plant or animal origin)
If no, please proceed to Section 6.0

5.2 If YES, please specify which biological agent will be used:
Please attach a full description of the biological agent.

5.2 Will the biological agent be able to replicate in the host? OYES O NO

5.3 How will the biological agent be administered?

5.4 Please give the Health Care Facility where the clinical trial will be conducted:

5.5 Has human ethics approval been obtained? O YES, number: O NO O PENDING
6.0 Animal Experiments
6.1 Will live animals be used? G}'{S W If no, please proceed to section 7.0

6.2 Name of animal species to be used MU\_/‘\ (—MM
6.3AUSprotocol #___ Lo [O— OV} — Pﬂﬂ()/&vu__}

6.4 Will any of the agents listed in section 4.0 be used in live animals O YES, specify: 046

6.5 Will the agent(s) be shed by the animal: OYES O NO, please justify:
N A
A -

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*



7.0 Use of Animal species with Zoonotic Hazards

7.1 Will any of the following animals or their organs, tissues, lavages or other body fluids including blood be
used?

¢ Pound source dogs OYES QA0
¢ Pound source cats O YES N0
¢ Cattle, sheeporgoats O YES eNO
¢ Non-human primates O YES, please specify species QA0
¢ Wild caught animals O YES, please specify species & colony # oNO
¢ Birds O YES ©NO
¢ Others (wild or domestic) O YES, please specify OO

8.0 Biological Toxins
8.1 Will toxins of biological origin be used? O@S O NO If no, please proceed to Section 9.0

8.2 If YES, please name the toxin(s) €D oty |, ¢ Phalloicdin
Please attach information, such as a Material Safety Data Sheet, for the toxin(s) used.

8.3 What is the LDsp (specify species) of the toxin__ C > SO ny (i) /FL«HNL\ 2 5] ol s

8.4 How much of the toxin is handled at one time*? S jp 11:,1‘3, // Pre g e (:bv\wbq)
8.5 How much of the toxin is stored*? C3 25 Moy // PLa.umd\k(foo,ﬁlxleD

8.6 Will any biological toxins be used in live animals? O YES, Please provide detais: NG~

*For information on biosecurity requirements, please see:
http://mww.uwo.ca/humanresources/docandform/docs/healthandsafety/biosafety/Biosecurity_Requirements.pdf

9.0 Insects Requiring CFIA Permits

9.1 Do you use insects that require a permit from the CFIA? QOYES @O
If no, please proceed to Section 10.0

9.2 If YES, please give the name of the species.

9.3 What is the origin of the insect?

9.4 What is the life stage of the insect?

9.5 What is your intention? O Initiate and maintain colony, give location:
O “One-time” use, give location:

9.6 Please describe the risk (if any) of escape and how this will be mitigated:

9.7 Please attach the CFIA permit.

9.8 Please describe any CFIA permit conditions:

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*



10.0 Plants Requiring CFIA Permits

10.1 Do you use plants that require a permit from the CFIA? OYES @6—
If no, please proceed to Section 11.0

10.2 If YES, please give the name of the species.

10.3  What s the origin of the plant?

10.4  Whatis the form of the plant (seed, seedling, plant, tree...)?

10.5  What is your intention? O Grow and maintain a crop O “One-time” use

10.6 Do you do any modifications to the plant? O YES O NO
If yes, please describe:

10.7 Please describe the risk (if any) of loss of the material from the lab and how this will be mitigated:

10.8 Is the CFIA permit attached? OYES ONO
If NO, please forward the permit to he Biosafety Officer when available.

10.9 Please describe any CFIA permit conditions:

11.0 Import Requirements

11.1 Will any of the above agents be imported? O YES, please give country of origin

If no, please proceed to Section 12.0 0
11.2 Has an Import Permit been obtained from HC for human pathogens? OYES O NO
11.3 Has an import permit been obtained from CFIA for animal or plant pathogens? O YES O NO
11.4 Has the import permit been sent to OHS? O YES, please provide permit # O NO

12.0 Training Requirements for Personnel Named on Form

All personnel named on the above form who will be using any of the above named agents are required to attend
the following training courses given by OHS:

¢ Biosafety

¢ Laboratory and Environmental/Waste Management Safety

¢ WHMIS (Western or equivalent)

¢ Employee Health and Safety Orientation

As the Principal Investigator, | have ensured that all of the personnel named on the form who will be using any of

the biohazardous agentsZectuo s 1.040 9,8 have been trained.
SIGNATURE

% DESCRIPTId/MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*




13.0 Containment Levels

11.1 For the work described in sections 1.0 to 9.0, please indicate the highest ()/1L
2°03

HC or CFIA Containment Level required. 01
PRy 2317
13.2 Has the facility been certified by OHS for this level of containment? 74 w0
O YES, permit # if on-campus [ 4 mﬁpe d—cJ JurL ! Qﬂ

O NO, please certify
O NOT REQUIRED for Level 1 containment

14.0 Procedures to be Followed

14.1 As the Principal Investigator, | will ensure that this project will follow the Western Biosafety Guidelines and
Procedures Manual for Containment Level 1 & 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects). | will ensure that UWO faculty, staff and students working in my laboratory have an up-to-date Hazard
Communication Form, found at http://www.wph.uwo.ca/

SIGNATURE /M— Date:_ 0& | Y ] Ta O

14.2 Please describ&additional risk reduction measures will be taken beyond containment level 1, 2, or 3
measures, that are unique to this agent.

14.3  Please outline what will be done if there is an exposure to the biohazards listed,
such as a needlestick injury:

vt Aed = Cleense wounad = Emv% roonn Wik
— O‘E_ﬁl-arn\l r!-n nm‘—m':"hM .LGA =

15.0 Approvals

// 3 i — i —
UWO Biohazard Subcommittee:  SIGNATURE: ("~ )L( C éQﬁﬂ/
AT

>
e

Date: 29

Safety Officer for Institution where experiments will take place: SIGNATURE: (\ S\‘a N UJJl
Date:_{ e 21,201 O

Safety Officer for University of Western Ontario (if different from above): SIGNATURE:
Date:

s -
Approval Number:%\O’\)V\)O“ 016L0 Expiry Date (3 years from Approval):\/\\)‘a’\e 99 pale] g

Special Conditions of Approval:

’ﬁjl(wSOP at—‘mu\id - Provowl-- - Lephviiuses.

DO O tRonimon arfuneks 1o houelle [ store wxns(po
o U e o) -

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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Re: Biohazardous Agents Registry Form: Gunaratmam

| of 2

Subject: Re: Biohazardous Agents Registry Form: Gunaratnam \k
From: Lakshman Gunaratnam <Lakshman.Gunaratnam(@lhsc.on.ca>

Date: Thu, 03 Jun 2010 14:46:33 -0400 e nbo

To: jstanle2@uwo.ca

Sorry jul'\ﬁ %! 2 OlD

O.lug (70nM x 1/1000L x 1490 MW) max per use.
lakshman

Lakshman Gunaratnam, MD.,M.Sc.

Assistant Professor of Medicine
Nephrologist, University Hospital

London Health Sciences Centre

Schulich School of Medicine and Dentistry
University of Western Ontario

Siebens Drake Research Institute

1400 Western Road, Room 230B,

London, ON N6G 2V4

Phone: (519) 661-2111, Ext.89120
Email: gunaratl@lhsc.on.ca

|||Jennifer Stanley <jstanle2@uwo.ca> 06/03/10 1:52 PM >>>

Thanks Dr. Gunaratham

Can you tell me the maximum amount of phalloidin handled at one time -
please provide the amount in ug or mg

I think you missed this question?

Jennifer

On 6/3/2010 1:48 PM, Lakshman Gunaratnam wrote:
Please see pelow for confirmation:

1. Please confirm the following for the exotoxin:
LD50 - 50 ng/kg (for mice)
max amount handled at one time - 50-100 ng

max amount stored - 20 ug (0.lmg/ml x 0.2ml)

1490 MW x 0.5ml)

Thank you.

Lakshman Gunaratnam, MD.,M.Sc.

Assistant Professor of Medicine
Nephrologist, University Hospital

London Health Sciences Centre

Schulich School of Medicine and Dentistry
University of Western Ontario

Siebens Drake Research Institute

1400 Western Road, Room 230B,

London, ON N6G 2V4

= [’ T 1 } 1 1 . Iucﬂ -
2.r Please l?t me knog the following for the phalloidin: c),C cxk)dw’)
LD30 - 2 mg/kg (for mice) P Ssel
max amount handled at one time - please provide the amocunt in ug or mg
max amocunt stored - please provide the amount in ug or mg = 1l0ug (l4uM stock x

/3/2010 2:49 PM
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DC.4 cells
They are transformed (SV40 T antigen) mouse dedritic cells. They

were made by Dr. Ken Rock while at Dana Farber. Sorry for the

oversight.



L. Please confirm the cell lines that you use (it was difficult to decipher the cell fines in

Table 2.3)
* MDCK
* LLC-PKI
° RAW
» HEK293, HEK293T, 293T
*  Jurkat
¢+ JAWSII
+ HK-2
* WT-9 DC,H
* mIMCD-3
s CMT-93

s 769-P and 786-0 renal cell cancer ¢ll lines
*  We will use/establish stably transfected cells expressing KIM-1 or KIM-1-GFP

Mouse Primary Cells
* Renal tubular epithelial cells from kidney
¢ Dendritic cells from bone marrow, lymph nodes or spleen
* CD4and CD8 T cells from lymph nodes or spleen or kidney
* Splenocytes
*  Thymocytes

2. Please send some information on the lentiviral vectors, etc. - such as an MSDS and/or
website information (see attaches printouts)
- see attached printouts

3. Please send a description of the work you do that describes how the biohazards are
used, stored and disposed of. Be sure to describe the modifications you do with the
lentiviral vectors.

DMSO: Will be used as a preservative to cryopreserve cells. DMSO will be used at 10%
in fetal bovine serum. DMSO accumulates in the medium at <1% concentration and will
be discarded in the sink with refuse media after addition of bleach. DMSO will be stored
in the stored in the contained provided by the manufacturer and stored as described in
MSDS (provided).

C3 Exotoxin: C3 is used to block RhoA activity in cells in culture at  Imicrogram/mL.
Media containing C3 will be discarded as stated above (DMSQ) given that C3 at these
diluted concentrations is not harmful to the environment. C3 is stored at -20 degrees
Celsius as indicated by MSDS.

E.coli: Will be used for cloning and plasmid preparation. Standard precautions will be
used under biohazard safety level 1.



Lentivirus: Lentivirus technology will be used to introduce or silence (SIRNA/ShRNA)
our gene of interest, KIM-1, into established cell lines or primary cells in culture. We are
planning on purchasing Lentivirus for SIRNA/shRNA from Santa-Cruz Biotechnology
(http://datasheets. scbt.com/se-6169 1 -sh.pdf). Expression vectors will be purchased from
Clonetech

{http.//tools invitrogen.conm/content/sfs/inanuals/virapower_lentiviral _system_man.pdf).

As far as we know KIM-1 is not a proto-oncogene. We will follow all standard safety
practices when handling or discarding lentiviral particles {(described in attached document
from Queen’s University Environmental Health and Safety).

Questions raised in review of protocol:

1. Where will it be done?

All Ientiviral work will be done in a designated bio-safety cabinet in a closed room. All
personnel will wear N95 masks at all times (during interaction) and use double-glove
technique. All contaminated equipment will be placed in bleach solution as described in
2. Which cells (specifically) do you intend to infect with lentiviral

particles?

Lentiviral technology will be used to express KIM-1 or SIRNA/shRNA targeting KIM-1
in mouse primary cells and cell lines that are not easily transfectable at high efficiency.
The cell types to be infected with lentivirus are: Primary mouse kidney tubular epithelial
cells, mouse primary T cells, HEK-293 (ATCC), LLC-PK1 (ATCC), 769-P(ATCC), 786-
O (ATCC), CMT-93 (ATCC).

Describe your overall experimental design - a grant summary may suffice. Please sec
attached summary from recently submitted grant/award. The primary purpose of the
lentiviral expresston system is to decipher how the presence or absence of KIM-1 in our
cells affects phagocytosis of apoptotic/necrotic cells and how this affects downstream
signaling events that can lead to inflammation at the organism level (i.e. in
transplantation). We do not plan to use lentivirus in animals.

We will need and adhere to biohazard containment level 2 precautions in conducting all

http://'www.clontech.com/products/detail.asp?product_id=[72594&tabno=2 (Clonetech).

Prepared by
Lakshman Gunaratnam, MD
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Protocol for Handling Recombinant Replication-deficient Lentiviruses

Lentiviral vectors are different from the commonly used adenovirus-based gene delivery
systems because the gene of interest becomes stably integrated into the host cell's
genome. The efficiency of lentiviral systems is impart due to the fact that they are
actively imported into the nuclei of dividing, as well as non-dividing cells, as opposed to
traditional retroviruses.

The lentiviral genome contains nine genes but only three of those are required to
package a replication-deficient virus. The three essential genes are Gag, Pol and Env
and they can all be provided in trans. Gag encodes a capsid proteins and Pol is
required for the viralreverse transcriptase, RNase, protease and integrating functions.
The Env, or, envelope gene encodes a transmembrane glycoprotein that also
determines the tropism of the viral particle (ie. the specificity of the virus for a particular
host cell). In the ViraSafe Ecotropic Packaging system from Cell Biolabs, Inc. the
env gene encodes a glycoprotein from murine ecotropic retrovirus, thus
providing a viral particle that can transduce only mouse and rat cells with high
efficiency. However, other types of retroviral envelope genes can be used. If the env
gene is from a xenotropic retrovirus the lentivirus vector will only infect non-mouse cells.
If env gene is from an amphotropic retrovirus then it will infect cells in a species
independent fashion. More frequently though the envelope gene G from Vesicular
Stomatitis Virus (VSV) is used to pseudotype the lentivirus core with an envelope
protein that provides a broader host range with better infectivity in some cases. The
actual lentiviral genome that gets packaged is devoid of any coding sequence and the
U3 region of the genomic RNA is deleted so that when the RNA genome is reverse
transcribed it generates a self-inactivating DNA version of the RNA genome that after
integration cannot lead to the generation of viral progeny. The remainder of the viral
genome (je. cis-elements only) is used to construct and direct the packaging of different
lentiviral cloning vectors when the cloning vectors along with plasmids that provide the
gag, pol and env genes in trans are co-transfected into packaging cell lines (usually
HEK 293T cells). Cells containing and expressing all the necessary components then
produce new infectious replication-defective viral progeny over the next 24 to 72 hrs.

Note! Only laboratory personnel that have been informed about safety precautions and
working routines, and have permission from the person in charge are allowed to enter
the laboratory during Lentiviral work production. This also includes cleaners and:
service-personnel.




Principle:

All procedures for handling or manipulating Lentivirus should be carried out at Biosafety
Level 2 (BL2) with the use of Containment Level 3 operational practices. All work will be
done in a biological safety cabinet (BSC) by authorized personnei wearing gloves,
safety glasses, shoe covers, and overgowns that cover the front and close at the back.
Personal items (eg. purses) will not be brought into the containment room. All protective
clothing will be removed upon completion of the work and left in the room or disposed of
as waste (shoe covers, gloves). Protective items to be re-used will be autoclaved.
Overgowns will be kept on a coat rack within the containment room. No work with these
viral vectors is permitted on the open bench. The door to the laboratory must remain

closed

Working precautions for handling Lentivirus:

1. All experimental materials shall be handled with care.
2.
3. Within the BSC:

The door to the containment room shall remain locked.

a. Forsmall quantities of low (cell lysate) and high (purified) titer Lentivirus, use
sterile, aerosol barrier-containing pipette tips.
b. Forlarger amounts (more than 1ml) of low titer lysates use sterile serological
disposable pipettes.
¢. The maximum amount of infected growth media handled at one time should
never exceed 500 mL.
Using a dunk tank, plastics will first be either filled (eg. pipette tips and
serological pipettes) or rinsed (eg. plates and flasks) with Wescodyne Solution
(20% Wescodyne/40% ethanol/40% water), drained, and then put into a high-
density 4mil polyethylene plastic biohazard bag lined with a cardboard box prior
to autoclaving.
Concentration of the viral particles will be done using either appropriate
ultracentrifuge rotor or by using Amicon Ultra-15ml 100k MWCO centrifugal filter
devices. All centrifugation shall be done in closed buckets with aerosol-tight lids.
Loading and unloading of samples into the sealed buckets will be done in the
BSC. The sealed centrifuge buckets will be sprayed with 70% ethanol before
removing from BSC.
Sharps shall be eliminated from experimental procedures to prevent injuries. No
needles or Pasteur pipettes will be used in the production and use of lentivirus.
Double gloves shall be worn at all times when working with viral vectors. Gloves
will be sprayed with 70% ethanol and then the outer glove removed inside the
hood by using the inside-out technique before disposing into bichazard waste
dunk tank located inside the BSC. Remove lab coat and boots and dispose of in
biohazard waste. Spray inside glove with 70% ethanol and remove using the
inside-out technique, dispose into biohazard waste bag. Wash hands
immediately after removing gloves and before leaving work area. Never wear
gloves outside of the laboratory, or touch things with gloved hands.



8. During any lentiviral work, signs and labels shalil be piaced to indicate each area
where viral vectors are used and stored (BSC, incubators, freezer, laboratory
entrance doors, etc.)

Decontamination and disposal procedures:

All materials that come in contact with viral particles must be properly decontaminated
prior to disposal. This requires that all material must be autoclaved prior to leaving the
level 2 plus 3 room where the work is being done. This requires that the level 2plus 3
room must have an autoclave in it. Alternatively a portable autoclave may be used.

1. Disposal/decontamination of solid waste such as, paper tissues, pipette tips,
ete.: All solid waste (including disposable plastic wares) should be discarded in
biohazard bags for the appropriate treatment (autoclaving) according to PHAC/CFIA
guidelines, institutional practices and guidelines prior to disposal. Information on
hazardous waste disposal is found in the Hazardous Materials Management
Handbook:
http://www.uwo.ca/humanresources/docandform/docs/ohs1/manuals/hazardous_han
dbook.pdf
Personnel must take the Biosafety training courses from Occupational Health and
Safety and General Laboratory Safety and Hazardous Waste Management.

2. Disposai/decontamination of liquid waste: All liquid materials (Lentivirus-
containing media, buffers, washes} shouid be decontaminated inside safety cabinet
by addition of wescodyne or Quatricide PV Solution prior to autoclaving.

3. Work surfaces inside cabinets should be decontaminated with Quatricide PV
Solution allowing for a wet contact time of at least ?? minutes to ensure virus
inactivation, followed by 70% ethanol again with at least 77 minutes of contact time.

4. Instruments, equipment and any other items that are not disposable and contact
Lentivirus will be decontaminated with Quatricide PV Solution (again observe
minimum contact time) and/or autoclaved.

5. Routine laboratory cleaning will be done by lab personnel within the containment
room.

Accidents:
Spills:

Effective disinfectants (10% bleach, Wescodyne or Quatricide PV Solution) will be made
available in the faboratory at all times and for immediate use. In the event of a spill or
container breakage resulting in the unintentional release of a biological agent:

(i)  Place bleach scaked paper towel or absorbent on the liquid

(i)  Pour a strong disinfectant solution (i.e. use same product used to soak the
paper towel in (i}, do not mix different agents together) around, but not on the
spill, and mix the disinfectant with the spilled material cautiousiy;

(i) Evacuate the laboratory for a time expected to be sufficient for decontamination
of the mixed material, normally 20 minutes;



(iv) Carefully place absorbent paper into a bag for incineration;

(v)

Decontaminate all surfaces exposed to the spill with the appropriate disinfectant
allowing for appropriate contact times.

If aerosols may have been created in the spill or unintentional release, evacuate the
laboratory for a time sufficient for most aerosols to settle, be dispersed, or removed by
the ventilation system, usually 20-30 minutes. The use of respiratory protection should
be considered for re-entry. Then proceed with items (i)-(v) above. During an
emergency, the first priority is the protection of the health and safety of personnei,
followed by the environment (i.e. sewer drains), followed by equipment or property.

Spills within a biological safety cabinet

*

Leave the ventilation on

All items within the cabinet should be disinfected (Wails and surfaces wiped
down, equipment wiped down and/or autoclaved)

Cover the spill area with paper towels or absorbent material

Pour a strong disinfectant sofution (i.e. use same product used to soak the paper
towel in (1), do not mix different agents together) arcund, but not on the spill, and
mix the disinfectant with the spilled material cautiously; Leave on for 20 to 30
minutes

Pick up with absorbent material and place in biohazard bag to be then
autoclaved

Ventilation should run 10-15 minutes before continuing work in BSC

Spills within an incubator

All shelves and walls within the incubator should be disinfected (walls and
surfaces wiped down, and/or autoclaved)

Cover the spill area with paper towels or absorbent material

Soak the spill area with an appropriate disinfectant (i.e.Wescodyne, or Quatricide
PV Solution} Pour the disinfectant from the outside surface of the absorbent
material towards the inside, surrounding the spill. Leave on for 20 to 30 minutes
(close the door of the incubator during the disinfection time)

Pick up with absorbent material and place in biohazard bag to be then
autoclaved

Finish by wiping the incubator with 70% ethanol



First Aid:

In the case of any incident or accident, personnel must seek medical treatment and
notify the Principle Investigator or Laboratory Supervisor. An accident/incident reporting
form must be completed:
http://mww.uwo.ca/humanresources/facultystaff/h_and_s/acc_inc/accident inc_index.ht

m
Eye exposure from splash or aerosol:

Rinse a minimum of 15 minutes in eye wash or flush with water. Notify the Principal
Investigator or Laboratory Supervisor, who will immediateiy contact Workplace Health at
519-661-2047 and direct the exposed employee to appropriate medical treatment and to
report the incident.

Skin Exposure or Abrasions:

Contaminated skin or abrasions should be scrubbed with germicidal soap and copious
amounts of water. Notify the Principal Investigator or Laboratory Supervisor, who will
immediately contact Workplace Health at 519-661-2047 and direct the exposed
employee to appropriate medical treatment and to report the incident.

Inhalation:

Remove person to fresh air. Notify the Principal Investigator or Laboratory Supervisor,
who will immediately contact Workplace Health at 519-661-2047 and direct the exposed
employee to appropriate medical treatment and to report the incident.
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Subject:Re: Containment Level - Lentiviral project

Date:Fri, 23 Apr 2010 09:35:57 -0400

From:Permit-Permis <permitpermis@phac-aspc.gc.ca>

To:Jennifer Stanley <jstanle2@uwo.ca>

Dear Jennifer Stanley
Thank you for contacting our Directorate with your questions.
| regret that the Office of Laboratory Security has a policy of not
undertaking risk assessments of the human pathogens in facility’s
inventories, as many of the factors that come into play are specific to a
particular location and application. The determination of what risk group
to which your pathogens belong is your responsibility.
As a first means of assisting you in determining your inventory's risk
groups(s), you may want to consult the schedules for Risk Groups 2, 3, and
4 that are appended to The Human Pathogens and Toxins Act. Schedules 2 to
4 of the Act provide, respectively, non-exhaustive lists or examples of
the kinds of human pathogens that are included in each of risk groups 2,
3, and 4. See link below:
http://www?2.parl.gc.ca/HousePublications/Publication.aspx?Docid=4015133&file=4
If you possess human pathogens that are not included in these schedules,
then you would have to determine the risk groups of those pathogens
yourself. First, you could consult the definitions of the Risk Groups that
are provided in section 3 of the Act. Further, there is greater detail on
the criteria for determining the risk group of a pathogen in sections 2.1,
2.3 and 7.2 of the Laboratory Biosafety Guidelines . See attachment below:

For more information you can visit our website;
http://www.phac-aspc.gc.calols-bsl/pathogen/index-eng.php

Regards

Josee Davies

Regulatory Technologist/ technologiste en réglementation

Pathogen Regulation Directorate (formerly Office of Laboratory Security) /
Direction de la réglementation des agents pathogenes (anciennement le
Bureau de la sécurité des laboratoires)

Public Health Agency of Canada/ Agence de santé publique du Canada
100 ch. Colonnade Rd. AL: 6201A Ottawa, Ontario, Canada K1A 0K9
Tel: (613) 957-1779

Fax: (613)941-0596

Jennifer Stanley <jstanle2@uwo.ca> 2010-04-22 02:53 PM
To Permit-Permis permitpermis@phac-aspc.gc.ca cc
Subject Containment Level - Lentiviral project

Hello there,
Please let me know what containment level you suggest for the following
project:

Lentiviral technology will be used to introduce or silence (SIRNA/shRNA)

our gene of interest, KIM-1, into established or primary cells in

culture. We are planning on purchasing Lentivirus for SIRNA/shRNA from
Santa-Cruz Biotechnology: http://datasheets.scbt.com/sc-61691-sh. pdf

Expression vectors will be purchased from Clonetech:
http://tools.invitrogen.com/content/sfs/manuals/virapower_lentiviral_system_man.pdf

Lentivirus technology will be used to express KIM-1 or siRNA/shRNA
targeting KIM-1 in mouse primary cells and cell lines that are not
easily transfectable at high efficiency. The cell types to be infected
with lentivirus are: primary mouse cells (kidney and T cells) and ATCC
cell lines HEK 293, LLC-PK-1, 769-P, 786-0 and CMT-93.

Regards,

Jennifer
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Lakshman Gunaratnam

Project Title: Mechanism of Negative Regulation of Danger Signaling and Kidney Transplant Rejection by Kiduey
Injury Molecule-1

Abstract

Overview

Kidney transplantation remains the treatment of choice for patients with end-stage renal discase. One of the major
problems i {ransplantation is immunologic rejection of the graft. As T cells are both required and sufficient for rejection
of allotransplants, trangplantation immunology rescarch has largely locussed on the adaptive immune syslem, An
increasing body ef evidence suggests a key role for the innale immune respousce in activating dendritic cells {DCs) that
ultimately direct allogencic T cells to mediate atlograft rejection. Release of endogenous “danger” signals by damaged
tissue or necrotic allograli cells due to ischemia reperfusion injury (IR1) is a powerful activation signal for DCs. Kidney
injury molccule-1 (KIM-1) is a novel scavenger receplor that is highly upregulated in renal tubular cpithelial cells
(RTECs) and converts them into phagocyles for apopiotic and necrotic cells. We hypothesize that upregulation of KIM-1
allows RTECs to inhibit allograll rejection by negatively regulating activation of DCs by HMGB-I1, a key “danger” signal
reteased by RTECs following [RI. By uncovering how RTECs regulate innate immunity, we hope to identify therapeutic
strategics to prevent transplant rejection and improve overall graft suevival in transplant patients.

Backeround

DCs like other innate immune cells use patltern recognition recepiors (PRRs) to recognize conserved molecules termed
pathogen-associated molecular patterns (PAMPs) on bacteria and other cvolutionarily distinet organisms. Ligation of
PRRs (e.g. Toll-like receptors, TLRs) on innate immune cells by PAPMs iriggers a cascade of signalling events that lead
to production of pro-inflammatory cytokines, adhesion molecules, chemokines and antimicrobial peptides that allow them
to function as a {ist line of defence against pathogens. Allorcactive T cells can recognize intact donor MHC molecules on
“passenger”’ (present within the organ before harvesting) antigen presenting cells {APCs) (/) or, indirectly, when recipient
APCs capture, process and present donor MIC and non-MHC atloantigens (o recipient T cells in a host-MHC restricted
fashion (2).(3). Engagement ol naive T cells by APCs in the absence co-stimulatory signals results in T cell anergy or
apoptosts. Maturation of resting DCs to express co-stimulatory molecules can be triggered by binding of pathogens (or
PAMPs) 1o PRRs on their surface. One ol the vexing questions in transplant immunology is how naive T cells become
activaled in the absence ol pathogenic stimuli (e.g. PAMPs), especially, given that transplant surgery for the most part is a
sterile procedure.

Work done by Matzinger and others, suggests that PRRs can also be activaled by host-derived “danger” or “alarm”
signals sent by injured, damaged or necrotic cells (4-3). A number of endogenous “danger” or damage associated
molecular patterns (DAMDPs) have been identified including high-mobility group B-1 (HMGB1), heat shock protein 70
(hsp70), hyaluronan (I1A) and S100s (6). HMGBI, is a ubiquitously expressed and highly conserved chromatin-
associated protein is released extracellularly by necrotic cells, but not by apoptotic cells (7) (&), HMGBI can also be
secreted by activated macrophages, DCs and NK cells or non-immune cells in response certain inflammatory stimuli such
as LPS, IFN-y or mterleukin-1 (IL-1) (9). Binding of cxtracellular HMGBI o its receptor(s), the receptor for advanced
glycation end products (RAGE) and members of TLR family (i.e. TLR-2, TLR-4, and TLR-9), triggers several signalling
pathways in target cells including MAPK and nuclear faclor-xBB (NF-xB3), which in DCs, can rigger upregulation ol co-
stimulatory molccules, enhance antigen presemtation via MHC class 11 and secretion of pro-inflammatory cytokines (e.g.
1L-12,1L-6, 11.-18, IL-8, TNF-a, and RANTES) (9-/0).

RTECs are a major target of IRI and ollen undergo apoptosis or even necrosis as a result (77-17). The importance of [R]
in the regulation of T cell-mediated allografi rejection is highlighted by the fact that “parking” cardiac allogralls in
imunodeficient hosts o allow them to heal from IRE prevented acute rejection when gralls were exposed to active
allorcactive T cells Fater on (/8). Recent evidence has now implicated HMGRT as an carly mediator of inflammation in
hepatic IRI as administration of neutralizing antibedy to HIMGBI significantly decreased liver imjury (19). These and
several other studies together suggest that danger signals from injured (IRE) allogralts may play a central role in priming
naive alloreactive T cells and promote rejection by stimuiating DCs (260-27).




KIM-1 is a novel scavenger receptor protein that s highly upregulated /i vive on the surface of proximal RETCs within
hours of IRI or after renal transplantation (22-25). Recently a number of groups including Bonventre's, demonstrated that
KIM-1 bimds to phosphatidylserine (PS), an “eat-me” signal exposcd on the surface of cells undergoing apoptosis and can
mediate phagoceylosis of apoptotic and necrotie cells (26-28). In vivo, the venmmants ol apoptotic and necrotic cells can be
visualized within phagosomes of KIM-1-expressing RTECs in rodent models of AKI (23, 27, 29). The cxact physiologic
role of KIM-1 in RTECS in vivo remains unknown.

Preliminary Data

Mice enginecred 1o cxpress phagocylosis-defective mutant KIM-1 are more susceptible to IRT and accumulate apoptetic
and necrotic cells within the injured twbular lumen of kidueys (Bonvenlre, personal communication). Data preseated in
figure | suggests that 1IMGDBI can be detected in the urine of mice at least within twelve hours after IR but not in sham
treated mice. As HIMGBI is released from necrotic cells, we exposed KIM-1 expressing LLC-PKI1 cells in culture 1o
neerotic cells and measured residual extracellular HIMGBI in the conditioned medium after 24 hours (o test if KIM-I
regulates the availability of this extracellular danger signal (Figure 2). The conditioned medium from KIM-1 expressing
cells had significantly fess cxtraccliular HMGBI compared to non-KIM-1 expressing controls suggesting that KIM-1 may
play a role in regulating secretion and or removal of extracellular HMBGI (or necrotic cells).

Rationale and Hypothesis

KIM-1 is highly upregulated in RTECSs during IRI and (hat it is a scavenger receptor capable of mediating phagocytosis of
neerotic cells. Together with the preliminary data presented here, we propose that THIIM-1 may regulale danger signalling
{ollowing IRF in renal transplantation,

ITypothesis: KIM-1 negatively regulates allogencic Teell immunity 1o kidney allogralis by sequestering [IMGB] and
blocking danger signalling to DCs.

Specific Aims and Experimental Plan

Specific Aim_L: To determine the mechanism by which KIM-1 regulates extracellular HIMGBI1. Rationale:
Elucidating the ¢xact molecular mechanism of how KIM-1 regulates IHIMGBI availability may help us design experiments
to specifically block this pathway in animal models and morcover uncover strategics to enhance this mechanism in a
clinical sctting. 1t would be important to distinguish whether KIM-1 is preventing release of HIMGBI by RTECs cxposed
to necrotic cells or by actively removing it from the extracellutar medium. We have thus designed experiments 1o test the
lollowing mechanisms; First goal: Determine whether KIM-1 binds directly to HMGB1 (primary sequestration) and
degrades it via receptoc-inediated endocytosis. Second goal: Determine if passive release of IMGDB1 s inhibited by KIM-
1-dependent phagocylosis of necrotic cells (secondary sequestration). Third goal: Determine if KIM-1 expression on
RTECSs blocks HMGBI1 release (from RTECS) when they are exposed to necrotic cells.

Mcthedologies: In order o test our hypotheses, we will use a variety of RTEC types such as LLC-PK cells, MDCK cclls
as well as primary mouse RTECs and non-tubular HEK293 cells. The basic assay will consist of exposing RTECs (o
cither 1o no treatment, live cells, necrotic cells or recombinant HMGB1 (added to medium after monelayer has formed
rHMGB1), allowing time for uptake or release, and then measured extracellular 1IMGB] in the conditioned medium by
western blotting and/or ELISA. To test whether KIM-1 binds to HMGRBI, we will immunoprecipitate either molecule
after exposing KIM-1-expressing RTECs to r1IMGB! or necrotic celis and then detecling the interaction by Western blot.
To determine if internalized 1IMGBI is degraded by RTECs, we will simultancously treat cells with proteasome or
lysosomal inhibitors before adding necrotic cells and then detecting the interaction by Western blot. To determine
if bound HMGBT is degraded we will simultancously treat cells with proteasome or lysasomal inhibitors in
the above experiment. Necrotic cells will be gencerated by exposing either jurkat cells (ATCC) or primary
mouse splenocytes to multiple freeze-thaw cycles (5).

Specific Aim 2: To determine whether KIM-1-epressing RTECs inhibit danger singling by extracellular
HMGB1 and inhibit activation of DCs.

Rationale: TIMGB1 can function as an adjuvant to stimulate allogeneic 'I' cell immunity by activating DCs
(danger signalling) by inducing phenotypic maturation of DCs (10, 30). First goal: Determine how conditioned
medium from KIM-1-expressing RTECs after exposure to necrotic cells or rIIMGBT affects DC activation in
vitro. Second goal: Determine how KIM-1-expressing RTECs co-cultured with DCs exposed to necrotic cells or




rHMGBT (simullaneously) affect DC activation in vifro. Third goal: Determine how DC activated as above
(first and second goals) affect allogencic T cell responses (direct allorecognition).
Methodologies: We will use primary mouse (SCID) bone marrow-derived DCs (5) or widely available DC lines
{e.g. ATCC-CRL-11904). RTECs will be cultured in monolayers in transwell plates with DCs or conditioned
medium will be transferred from RTECs after exposure to necrotic cells or r1IMGB1. For T cell activation
assays, DCs (from C57BL./6 vs. DBA/2 mice) will be treated with as above (first and second goals) and then
co-cultured with primary CD4 T cells isolated from mice or allergenic T cell clones before measuring
proliferation using [l ]-thymidine or CFSE dye assays as described (10). Quantitative R1- and ELISA will be
used to measure release of proinflammatory cytokines such as 11.-12, 1L-6, [L-lalpha, [L-8, TNF-alpha, and
RANTES. Phenotypic maturation of DCs (after treatment as above) will be measured by flow cytometric
analysis for increased surface markers such as CD83, CD54, CD80, CD40, CD58, and MIIC class 1} and
decreased CD206 expression . Alternatively ELISPOT can be used to measure T cell reactivity (31).
Specific Aim 3: To test if targeted deletion of kim-1 in murine kidney allografts exacerbates danger
signalling and promotes allograft rejection. Rationale: 1IMGB1 (Figure 1) and KIM-1(29) can be detected in
the urine of rodents subjected to IRL In vitro studies often oversimplify complex regulatory pathways and
may not represent finding in vive. This aim will test if KIM-1 negatively regulates allograft rejection in vive.
First goal: Monitor survival, renal function and urinary KIM-1/11MGB}. Second goal: Perform histological and
functional analysis on kidney tissue, DCs and T cells.
Methodologies: C57BL./6, H2-2" kidneys will be transplanted into recipient (DBA /2, 11-24} mice as described (by
Notis et al.) by Dr. Zhang (our core veterinary surgeon). Syngeneic transplants will be used to monitor for
non-alloimmune effects on the graft while sham treated mice will serve as naive controls. Parallel groups of
experiments will be performed. Mice in one group will be sacrificed on days 1,3, 6 and 12 and kidney grafts
will be divided and used to perform: histological analysis (tubular injury, tubulitits, leukocyte infiltration,
atrophy, total tubulointerstitial injury score), measure urinary KIM-1/HMGBI, in situ hybridization (KIM-1),
RT-PCR {TLR-2, TLR4, TLR9, RAGE, TNF-u, MIP-2, MCP-1, IL-13, IL-6), immunostaining (macrophages,
granutocytes, T cells, B cells, DCs [CD11b+ and CD1lc+], 1IMGB1, KIM-1, MHC-1I [F-2F and FI-24]), We will
also examine sections for total CD8+, CD4+, CD4+FoxP3 'T cells per ficld. In the second group we will monitor
survival, and measure serum BUN, creatinine, urinary KIM-1/HMGB1 at on odd days for 2 weeks and then at
30 and 60 days. We will measure recipient T cell alloreactivity exposing recipient splenocytes to irradiated
donor {11-2%) or third-party (DBA/1, [1-249) splenocytes or isolated DCs (bone marrow or from the allograft).
Sham treated mice will serve as additional controls in all experiments.
Expected Results:
We predict that KIM-T expressed on injured RTECs decreases available 1IMGB1 by removing necrotic cells
from the extracellular milicu (indirect sequestration). RTECs expressing mutant KIM-1 that cannot bind
phosphatidylserine (data not shown) should behave like non-KIM-1-expressing cells. Given that THMGBT and
necrotic cells can activate DCs (3, 5), we expect that transfer of conditioned medium from KIM-1-expressing
RTECs will stimulate DCs to a much lesser degree than non-KIM-l-expressing cells, This effect should
translate into reduced allostimulatory effect of DCs activated by conditioned medium from KIM-1-expressing
RTECs. Unless, KIM-T-expressing RTECs have a direct dominant positive effect on DCs after exposure to
HMGBI, simultancous co-culture experiments (specific aim 1) are unlikely to yield any differences in DC
activation regardless of KIM-1 status. Finally, we do expect that mice that receive KIM-1-deficient kidneys
will have exhibit higher incidence of rejection. We also expect that there will be a detrimental effect from KiM-
1 deficiency even in the syngencic recipients.
Where Funding Will Be Applied For:

1. Canadian Institutes of [ lealth Research: Operating Grant (09/2010 deadline)

2. Kidney Foundation of Canada: Biomedical Research Grants (15/10/2010 deadline)

3. Natural Sciences and Engineering Research Council: Discovery Grant (387210 deadline)
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1. Purpose:

To describe the biological safety risks of working with lentiviral vectors and the engineering and
operational practices that are approved for mitigating these risks. Note that these are minimum standards
and that some experiments may require higher containment practices. This should be decided jointly by
the Principal Investigator and the University Biohazard Committee.

2. Applicable Legislation, Standards, Guidelines:

Public Health Agency of Canada Laboratory Biosafety Guidelines, 3" edition, 2004

Canadian Food Inspection Agency Veterinary Standards for Animal Facilities

National Institutes of Heaith, Recombinant DNA Advisory Committee, Guidance on Biosafety
Considerations for Research with Lentiviral Vectors (March 2006)

hitp://wwwid od.nih. sov/oba/rac/Guidance/LentiVinus_Containment/index.ntm

3, Requirements:

No one is allowed to work with lentivirus without having prior training by the Principal Investigator
who supervises their work, or their designated technical expert. The worker should demonstrate good
microbiological and tissue culture technique and an understanding of this SOP prior to being permitied to
work with lentivirus.

The use of or generation of any new lentiviral constructs must to be cleared with the Principal
Investigator,

The use or generation of any new lentiviral construct that involves a different transgene or a different
tvpe of alteration than that already approved by the Biohazard Committee (e.¢. the knock-out rather than
the expression of a particular protein, its subunits or its mutants) must be communicated to the Biohazard
Committee via an application for an amendment to the laboratory’s Biohazard Permit. Constructs that
involve different mutations in a particular protein, where the work on that protein has already been
approved, do not require an amendment as long as the Principal Investigator is confident that no additional
biohazard risk is being created.

4, Biological Safety Risk:

o ientiviral particles are usuaily pseudotyped with the vesicular stomatitis virus glycoprotein
(VSVG), an envelope protein which gives the virus the ability to infect many human and
mammalian cell tvpes. The skin affords some protection, but the virus may enter the body
through chapped skin or wounds or by infecting mucosal surfaces (eyes, nose, mouth).

Prepared by : The Department of Envivoumental Hlealth & Natery
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Pseudotyping with other proteins will change the tropism of the viral particle and therefore
alter the nsk.

Lentivirus is an enveloped virus, so it is susceptible to inactivation by sufficiently long
treatment with 70% ethanol or freshlv diluted 10% bleach.

The direct effect on the infected cetl will depend in part on the protein that the virus is
engineered to produce {the product of the transgene).

Lentivirus can integrate into chromatin in non-dividing cells.

Lentivirus integrates into chromatin (randomly) so there is an unpredictable risk associated
with gene disruption. Note that some gene disruptions may promote abnormal cell growth.
Lentiviral vectors are engineered to be replication incompetent so that the infection will not
spread beyond the site of infection. However there is a risk of generating infective replication
competent virus through recombination. Later generation vectors in which 3 or 4 plasmids are
used to produce the viral particles and which a deletion is created in the 1, TR upon integration,
have a lower risk of generating replication competent virus, so their use is encouraged where
practical.

Lentiviral vectors are generally classed as biohazard risk group 2. However they may be
classed as risk group 2+ and require additional operational precautions if the vector system is
an earlier generation, or if the transgene encodes 2 biological toxin, an oncogene, a cell cvcle
regulator or an inhibitor of a tumer suppressor (eg. stRNA for a tumor suppressor). If this is
the case it will be indicated on the bichazard permit approved by the Queen’s Biohazard
Committee.

Lentivirus cannot replicate in rodents, but because rodents can shed virus for days after
infection, infection of rodents must occur at containment fevel 2. If the animals have been
transplanted with human cells, then if replication competent virus is generated then it could
replicate In the transplanted cells.

Biohazard Containment iacilities and Precedures:

L]

All work with tentivirus should be carrded out in a containment level 2 laboratory. Lentivirus
in supernatants and cells must be inactivated before removal to lower containment.
Inactivation must be by an approved method (eg. 0.3% Triton-X 100 extraction of cells at 37°C
for 30 min.),

£ celis are to be transported to another leve! 2 containment laboratory approved for tentiviral
work. a secondary container with a tight fitting 1id to prevent spiils must be used for transport.
If cells are infected that would normally only require fevel | containment, then the cells can be
removed from level 2 containment after demonstrating that there is no longer any infective
virus in the culture supernatant. This often requires three or four passages (not simply
washing). Demonstration of the absence of lentivirus in the culture supernatant may be done
using a p24 ELISA| with the supernatant from the day of infection used as a posttive control

Prepared by : The Department of Environmental Health & Satety
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and tfrom uninfected cells as a negative control. In addition to demonstrating the destruction of
the input viruses, this is necessary to exclude the possible, although rare, development of a
replication competent virus.

Virus will be shed from rodents infected with lentivirus for a few days after infection, during
which time the animals must be held at containment level 2. After the cage and bedding have
been changed and shedding of virus has ceased (as demonstrated by an ELISA for p24 antigen
or other approved method) then the animals may be moved to containment level |. However,
if the animals have been transplanted with human cells, then there is a risk that the virus could
replicate in the transplanted cells and the animais must be handled at containment level 2.
Unless higher containment practices are required by the Queen’s Biohazard Committee, strict
biosafety level 2 operational practices should be emploved for manipulations of lentivirus
Review the Public Health Agency of Canada Laboratory Biosafety Guidelines, chapter 3 (3™
edition, 2004) before beginning work with lentivirus. In particular, the following points are
reinforced:

- Gloves shouid be worn during all tissue culture manipulations. Double gloves are
better because micro-holes may be present. Inspect gloves for obvious holes when vou
are putting them on. Change outer gloves at regular intervals and whenever they
become obviously contaminated. Wash vour hands thoroughly with soap immediately
after removing gloves. Lab coats with knit cuffs are recommended to ensure that no
bare skin 1s exposed between the gloves and the fab coat.

- Always treat your outer gloves as contaminated - remove them and replace with clean
gloves before touching things outside of the biological safety cabinet (e.g. the
microscope, the centrifuge, or the incubator); if necessary use the one clean hand / one
dirty hand technique.

- People often touch their face and eyes unconsciously. [If vou find that vou are dotng
this with gloves on vour hands then wear goggles to prevent yourseif from doing so
since this could result in you mfecting vourself.

- Al work must be done 1n a brological safety cabinet so that the virus is not spread via
aerosols. Use proper technique, not over-filling the cabinet and not putting anvthing on
the tront grill because this will disrupt the air fiow, reducing your protection and
potentially resulting in contamination of your cultures.

- Centrifugation must 1ake place in screw capped tubes (including microfuge tbes). Do
not over-fill the tubes and do decontaminate their outer surface with 70% ethanol or
quaternary ammonium disinfectant before removing them from the biological safety
cabinet. Aerosol resistant centrituge cups that are opened only in the biologicai safety
cabinet are recommended, but not strictly required.

- The garbage containing lentivirus contaminated dishes, fitters. syringes. gloves etc.
should be collected inside the biological safety cabinet. Immediately after completing
work. seal it into a second autoclave bag and take it (0 the autociave for disinfection.
Lnseal for autoclaving to allow steam penetration.

Prepared byv: The Pepartment of Covironmental Health & Safety
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6. First Aid:

Avold the use of sharps whenever possible and dispose of them immediately in a sharps
container within the biological safety cabiner. If feasible use plastic disposable transfer
pipettes rather that glass Pasteur pipettes. Eliminate the use of needles whenever
possible or use safety engineered needles. Use disposable scaipels and safety
engineered scalpels.

Glass serological pipettes and Pasteur pipettes should be immediately submerged into
Jars filled with freshly difuted bleach (1:10 dilution of bleach) inside of the biological
safety cabinet. After 30 minutes in bleach, Pasture pipettes may be transferred to the
glass disposal container and serological pipettes moved to a bucket for washing. If
space constraints make it seem unreasonable to decontaminate serological pipettes in
the biotogical safety cabinet, then discuss alternatives with the University Biosafety
Officer.

The plastic tubing and aspiration bottle shouid be disinfected immediately after use by
drawing concentrated bieach through the line and into the collection bottle. Allow the
bottle 1o sit for 30 minutes for full decontamination after the last addition before
discarding the liquid in the sewer. After emptying the collection bottle add sufficient
bieach that a 10% dilution will be achieved when the botile is full. Be sure that the
vacuum is protected with a HEPA filter.

Liquid spills on any surfaces should be immediately disinfected with diluted bleach (30
minute contact time). Spiils that are atlowed to dry are much more difficult to
decontaminate and must be rehydrated first. Be sure to rinse off the bieach well from
stainiess steal because 1t wilt corrode.

The dishes containing lentivirus should be put in a secondary contatner to move from
the biological safety cabinet to the incubator to reduce the risk of spills They should
be kept in a designated incubator whenever possible  Take care not to contaminate the
door handle of the incubator.

When finished work, decontanmnate the outer surface of everything that is tn the
biological safety cabinet and then remove all items from the cabinet. Wash the hood
thoroughly with 70% alcohol or other approved disinfectant. The use of UV light to
disintect the hood is not recommended because it is not effective unless properly
malntained and because it can present a UV exposure hazard to other users of the
laboratory unless the cabinet has a sash that can be completely closed.

Ensure that the appended reminder sheet is posted 1n the laboratory where lentivirus 1s
used.

o Following a splash or aceidental touching of the eyes, nose or mouth with matenal potentiaily
contaminated with lentivirus, immediately flush the eves or other mucosal surfaces at an

Prepared by: The Department of Knvironmental [ealth & Satety
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eyewash siation for 1S minutes. Remember to remove your gloves before using your fingers
to keep your eves open.

e Wear double gloves to protect broken skin. A wound or broken skin (eg. chapped, eczema)
potentially contaminated with lentivirus should be immediately washed with soap and running
water for 13 minutes with genile massaging.

Seek foilow-up medical attention if required.

e Report the incident to your supervisor and have them f{ill in an incident report {WSIB form 7}
which is to be submitted to the Department of Environmental Health and Safety within 24
hours of the inctdent.

7. Information and Enquires: University Biosafety Officer (613-333-6000 ex1, 77077)

8. Revision History:

Inttial release: March 2008

Preparcd byv: The Department of Foviconmental Health & satoy



ATCC MATERIAL SAFETY DATA SHEET

MSDS FOR ANIMAL CELL CULTURES (Biosafety Level 1 or 2)

ATCC cultures are not hazardous as defined by OSHA 1910.1200. However, as live cells they
are potential biohazards.

ATCC Emergency Telephone: (703) 365-2710 (24 hours)
Chemtrec: (800) 424-9300

To be used only in the event of an emergency involving a spill, leak, fire, exposure or accident.

Description
Either frozen or growing cells shipped in liquid cell culture medium (a mixture of components that

may include, but is not limited to: inorganic salts, vitamins, amino acids, carbohydrates and other
nutrients dissolved in water).

SECTION |
Hazardous Ingredients
Frozen cultures may contain 5 to 10% Dimethyi sulfoxide (DMSQO)

SECTION I}
Physical data
Pink or red aqueous liquid

SECTION 11

Health hazards
For Biosafety Level 1 Cell Lines
This cell line is not known to harbor an agent known to cause disease in healthy adult humans. This
cell line has NOT been screened for Hepatitis B, human immunodeficiency viruses or other
adventitious agents. Handle as a potentially biohazardous material under at least Biosafety Level |
containment.

For Biosafety Level 2 Cell Lines

This cell line 1s known to contain an agent that requires handling at Biosatety Level 2 containment
[U.S. Government Publication Biosafety in Microbiological and Biomedical Laboratories
(CDC, 1999)] These agents have been associated with human disease. This cell line has NOT
been screened for Hepatitis B, human immunodeficiency viruses or other adventitious agents. Cell
lines dertved from primate lymphoid tissue may fall under the regulations of 29 CFR 1910.1030
Bloodborne Pathogens.

SECTION 1V
Fire and explosion
Not applicabie

American Type Culture Coilection =mergency Telephone: (703} 365-2710 (24 hours)
£.0 Box 1549 Infarmation Telephone: (703} 365-2704
Manassas, V4 20108 B Chemtrec (800) 424-93C0
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SECTION V
Reactivity data
Stable. Hazardous polymerization will not occur.

SECTION Vi

Method of disposal
Spill: Contain the spill and decontaminate using suitable disinfectants such as chlorine bleach or
70% ethyl or isopropyi alcohol.
Waste disposal: Dispose of cultures and exposed matertals by autoclaving at 121°C for 20 minutes.
Follow all Federal, State and local regulations.

SECTION Vil

Special protection information
For Biosafety Level 1 Cell Lines
Handle as a potentially bichazardous material under al [east Biosafety Level | containment. Cell
lines derived trom primate lymphoid tissue may fall under the regulations of 29 CFR 1910.1030
Bloodbome Pathogens.

For Biosafety Level 2 Cell Lines

Handle as a potentially bichazardous material under at least Biosafety Level 2 containment. Cell
iines derived from primate lymphoid tissue may fall under the regulations of 29 CFR 15910.1030
Bloodbome Pathogens.

SECTION Vil

Special precautions or comments
ATCC recommends that appropriate safety procedures be used when handling all cel! lines,
especially those derived from human or other primate material. Detailed discussions of laboratory
safety procedures are provided in Laboratory Safety: Principles and Practice (Fleming, et al.,
1995) the ATCC manual on quality control (Hay. et al., 1992), the Journal of Tissue Culture
Methods (Caputo, 1988), and in the U.S. Government Publication, Biosafety in Microbiological
and Biomedicai Laboratories (CDC, 1999). This publication 1s available in its entirety in the
Center for Disease Control Office of Health and Safety’s web site at
hitn //www cde gov/od/ohs/biostty/bmbid/bmbldtoc htm.

THE ABOVE INFORMATION IS CORRECT TO THE BEST OF OUR KNOWLEDGE. ALL
MATERIALS AND MIXTURES MAY PRESENT UNKNOWN HAZARDS AND SHOULD BE
USED WITH CAUTION. THE USER SHOULD MAKE INDEPENDENT DECISIONS
REGARDING THE COMPLETENESS OF THE INFORMATION BASED ON ALL SOURCES
AVAILABLE. ATCC SHALL NOT BE HELD LIABLE FOR ANY DAMAGE RESULTING
FROM HANDLING OR CONTACT WITH THE ABOVE PRODUCT.

€ 2002 American Type Culture Collection.
ATCC® is o registered trademark of the American Tvpe Culture Collection.
Februan 2002

American Type Culture Collection cmergency Telephone: {703) 385-2710 (24 hours)
P2.0. Box 1849 information Telephone: (703) 363-2704
Manassas, VA 20108 Chemtrec (800) 424-9300
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Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in
certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R.0.C. rust contact a local distributor for pricing information and to place an order for ATCC cultures and products,

Cell Biology

ATCC® Number:
Designations:

Depositors:
Bigsafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:

Morphology:

Source:
Cellular Products:

Permits/Forms:

Isolation:
Applications:

Virus Susceptibility:

Revarse Transcript:

Cytogenctic Analysis:

Age:
Gaender:

Comments:

print this P
CCL-34™ Order this [tem Price: $269.00
MOCK (NBL-2) Related Links »
S Madin, N8 Darby NCBI Entrez Search
1 Cell Micrograph
frozen Make a Deposit
See Propagation Erequently Asked Questions
adfigrent Material Transfer Agreement
Canis famifians Technical Support
epithelial Related Cell Culture Products
=, i

Organ: kidney
Disease; normal
keratin

In addition te the MTA mentioned above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC material is ultirnately responsible for obtaining the
permits. Please glick here for information regarding the specific
requirements for shipment to your location.

Isolation date: September, 1558

transfection host (Nucleofection technology from Lonza
Roche FUGENE® Transfection Reagents)
Human Coxsackievirus 8 3

Reovirus type 2

Adenc-associated virus 4

vaceginia virus

Vesicular stomatitis virnus
Adeno-associated virus 5

Human Coxsackievirus 8 3

Human Coxsackievirus B 4

Hurnan peliovirus 2

negative

Palyploidy  0.2%. Two large submetacentnc chromesomes  notad,
presumably X chromosomes, and one ¢r (wo addiional chremosomas wiln
median or submedian centromeras.

aduit

female

The M s was dadvad from a kdoey of an apparently norm
adult femals r spaniel, September, 1958, by SH. Madn and N.B.
Darhy.The celis are positive for kematin by immunooeroxida
staiming. MDCK cells have been use udy processing of vata amylond
orecursor protain and sorting of its pb2oiylic products.

3/92010 9:27 AR
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Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement, or, in
certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapere, and
Taiwan, R.0.C. must contact a local distributer for pricing information and to place an order for ATCC cultures and products.

Cell Biology

ATCC® Number:
Designations:

Depositors:
Bigsafety Level:
Shipped:

Medium & Serum:

Organism:
Morpholegy:

Source:

Cellular Products:

Permits/Forms:

Age:
Gender:

Propagation:

Subculturing:

Preservation:

Related Products:

Referencas:

CL-101™  Order this Item
LLC-PK1

Enh Lilly & Co.

1

frozen

See Propagation

Sus scrofa (pig)
apithehal

Qrgan: kidney

Strain: Hampshire
Disease: nomal
plasminogen activator

Print this Page

Price: $275.00
Related Links b
NCBI Entrez Search
Make a Deposit
Erequently Asked Questions
Material Transfer Agreement

In addition to the MTA mentioned above, other AT I

permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC matedal is ultimately responsible for obtaining the
permits, Please click here for infonmation regarding the specific
requirements for shipment to your location.

3 to 4 weeks

male

ATCC complete growth medium: The base medium for this cell line is
Medium 199 containing 1.5 g/l sodium bicarbonate, To make the
completa growth medium, add the following components o the base
medium; fetal bovine serum Lo a final concentration of 3%.
Temperature: 37.0°C

Subcultivation Ratio: A subcultivation ratio of 1:3 to 1:8 is recommanded
Medium Renewal: Twice par week

gemove medium, and rinse with 0.25% trypsin, 0.03% EDTA solution.
Remova the solution and add an additional 1 to 2 mi of trypsin-EDTA
solution. Allow the flask to sit at rcom temperature {or at 37C) until the
calls detach,

Add fresh culture mediurn, aspirate and dispensa into new culture flasks
culture meadium 35%; DMS0O, 5%

recomimended s2rum:ATCC 30-2020

farmerly distnbuted as:ATCC CRL-1392

3520: Hull RN, Huseby &M. Ennanced production of plasminegen actvator.
US Patent 3,904,480 dated Sep 5 1975

22659: Perantori A, Berman 11, Propertias of Wilms' tumor line (TuWi)
and pig kidnay line {LLC-PK1) typicai of normal Kicney tuhular emthelium
In Vitro 15 444-454, 1979, PubMed: 225262

28301: Loffler S, (.03, a tatraspan Lransmernbrang protein, rencers
cells susceptible canine distemoer virus. 1. Virol. 71: 42-4%, 1997.

2uhbMad: 8985321

392010 9:27 Al
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Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, In

certain cases, an MTA specified by the depositing institution.

Customars in Furope, Australia, Canada, China, Heng Kong, India, Israel, Japan, Korea, Macau, Mexico,
Taiwan, R.0.C. must contact a local distri

Cell Biology

ATCC® Number:
Dasignations:

Depaositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:

Marphology:

Source:

Permits/Forms:

Restrictions:

Applications:

Receptors:
Tumorigenic:

DMA Profile (STR):

Cytagenatic Analysis:

Age:

| of d

CRL-1573™

Order this Item Price:
293 [HEK-293]
FL Graham
2 {CELLS CONTAIN ADENCVIRUS ]
frozen
See Propagation
adherent
Home sapiens (human)

apithelial

)

Organ: embryonic kidney

Cell Type: transformed with adenovirus 5 DNA

n addition to the MTA mentioned above, other ATCC and/or requlatory
pemits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC material is ultimately responsible for obtaining the
pernits. Please click here for information regarding the specific
requirements for shipment to your location.

These celis are distnbutad for research purposes only. 293 cells, their
products, or their derivatives may not be distributed to third parties,
efficacy testing (92587]

transfection host (Nucleofection technology from Lonza
B;mne_EuQEN.E@_{taﬂsEﬂLQﬂ_Rﬂagﬂﬂ-ti)

viruscide testing [92579]

vitronactin, expressad

Yes

Amelagenin: X

CSF1PO: 131,12

DI35317: 14,14
D16%539: 9,13

D59S618: 8,2

D75820: 11,12
THO1: 7,9.3
TPOX: 11

vWA: 16,19

This 15 a hyootriptoid human cell line. The modal chromesome numper
was G4, ocourming in 30% of cells, The rate of cells with higher plodies
was 4.2 %. The der{1)t{1;13) (g42;qL3), der(19) (3;19) {qi2;ql3),
der{12)L{8;12) (u22;013), and four other marker chromosomes were
ol o rmost cells. Sive other markers eccurred in some calls only
The marser derf1l) and M3 (or Xq+) v 2n paired. There war2 f
opies of M17 and N2Z2, Not eably
chramasomes, there weare pared Xa+, and a single Ko+ in mast cells.

New Zealand, Singapore, and
r for pricing inforrnation and to place an order for ATCC cuitures and products.

Pri i

$256.00

Related Links ¥

NCE] Entrez Search

Cell Micrograph
Make a Deposit
Ereaqueotly Asked Questions
Material Transfer Agreement
Technical Support
Related Cell Culture Products

392010 9:28 AN
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Cell Biology
o e— CRL-11268™  Order this Item | Price: $272.00
Designations: 2937/17 [HEK 2937/17] Related Links b
Depositors; Rockefe!ler Univ. NCBILEntrez Search

igsaf; vel: 2 [Cells contain Adenc and SV-40 viral DNA saquences ] Make a Deposit
Shipped: frozen Fraquently Asked Questions
Medium & Serum: p ign Material Transfer Agreement
Growth Propertes: adherant Technical Support
Qrganism: Homo sapiens (human) Related Cell Culture Products
Morphokogy: spithelial
Source: Organ: kidney
Parmits/Forms: In addition to the MTA mentioned above, other ATCC and/or requlatory

permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC matenal is ultimately responsitle for obtaining the
permits. Please ¢lick here for information regarding the spedfic
requirements for shipment to your location.

Restrictions: The line is available with the following restdction: 1. The cell line was
deposited at the ATCC by Rockefeller Universily and is pravided for
research purposes only, Neither the cell line nor the products denved from
t may be soid or used for commercial purposas. Nor can the cells be
distrbuted to third parties for purposes of sale, or producing for sale,
~alls or their products. The cells are provided as a service to the research
community. They are previded without warranty of merchantability or
fitness for a particular purpese or any other waranty, expressed or
implied. 2. Any proposed commarcial use of the cells, or their products,
must first be negotiated with Cell Genesys, 500 Forbes Boulevard, South
San Francisco, CA 94080 Attn: Robert H. Tidwell; Samar Vice President,
Cormporate Davelopmeant.

Antigen Expresson: Sva0 T antigen [(45408]
Age: fetus
Comments: The 2937/17 cell line is & denvative of the 293T (293tsAl8C9neq; cell

nna. 2937 s a hughly transfecable dervative of the 293 ceil line into
which the tamperature nsitive gene for SV40 T-antigen was inseitad.
2937 cells were clonad and the clones tested with tha p3ND and
sactars o abtain 3 ling capable of producing hign niters of inf2cti
catrgvinus, 203T/17. These cells constitutivaly 2xprass the siman virus 40
Sv4Q) lemge T antigen, and cone 17 was selected specifically for its high
rransfectability.293T/17 cells wem cotransfected with the pCRIPenv- and
rthe pCRIPgaq-2 vectors 1o abtain tha ANJOU 65 (se2 ATCC CRL-11269)
ceil line AMJOU 55 cells ware cotransfacted with the pCRIPgag-2 and
5 to obtain the BCSC 23 (

5C 23 (
srassign  packaging cell line ANJOU

55 celis ware

d wiih pCH vactor along wath a  plasn
2xpressing the gt ¢ obtain > Bing  (sce
CRL-11554) ampnotrspie &1 IOR-EXDES wng cell ine.

392010 9:28 Al
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stributor for pricing information and to place an order for ATCC cultures and products.

Career Opportunities

Print this Page

ATCC connection™ Newsletter

atcc® Number:
Designations:

Dapositors:

i fi vel:
Shipped:
Medium & Serum:
Growth Properties;
Organism:

Morphology:

Source:
Cellular Products;

Permits/Forms:

Applications:
Receptors:
Antigen Expression:

DNA Profile (STR):

Cytogenetic Analysis:

TIB-152™  Order this Item | Price: $272.00
Jurkat, Clone E6-1 Related Links ¥
A Weiss NCBI Entrez Search
1 Cell Micrograph
frozen Make a Deposit
SUSPENSIoN Matenal Transfer Agreement
Horno sapiens (human) Technical Support
lymphoblast Related Cell Culture Products

PHOTO
Disease: acute T cell leukemia

Cell Type: T lymphocyte;

intardeukin-2 (interlaukin 2, IL-2) [16Q9]

In addition to the MTA mentionad above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC materal. Anyone
purchasing ATCC material is uitimately responsible for obtaining the
permits. Please click here for information regarding the sopacific
requirements for shipment to your location.

transfection host (Nucleofection technology from Lonza

Roche FUGENE® Transfection Reagents)

T cell antigen receptor, expressed

CO3; Homo sapiens, exprassed

Amelogenin: XY

CSF1IPO: 11,12

D138317: 8,12

D165539: 11

D55318: 9

D75820: §,12

THO1: 6,9.3

TPOXK: 8,10

VWAL LS

This 15 a pseudodipioid human cell line. The modal chromosome number is
45, occurnng 10 ?74% with polyploidy  at 5.3%. The Karyotype IS
46,%XY,-2,-18,dei(2) (p21023),del{18) (p11.2). Most cells had narmal X and
¥ chromosomes.

malg

39720109:29 Al
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ATCC Advanced Catalog Search » Product Details
Product Description
Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material ransfer Agreement or, in

certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R.0.C. must contact a local distributor for pricing information and to place an order for ATCC cultures and products.

Cell Biology

ATCC® Number:
Resignations:

Dapositors:
Bigsafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:

Morphology:

Source:

Permits/Forms:

Propagation:

Subculturing:

Presarvabion:

Ralated Products:

Refarances:

CRL-11904"™

print this Page

Order this Item | Price: $289.00

JAWSIL Related Links P
ZymoGenetics, [nc. NCBI Entrez Search

1 Cell Micrograph

frozen Make a Depost

See Propagation Erequently Asked Questions
mixed, adherent and suspension Material Transfer Agreement
Mus musculus (mouse) Technical Suppart
monocyte Related Cell Culture Products
£

Organ: bone mamow

Strain: C578L/6

Cell Type: immature dendrtic cell; monocyte;

In addition to the MTA mentioned above, other ATCC and/or regulatory
permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC material is ultimately responsible for obtairing the
permits. Please ¢lick here for information regarding the specific
requirernents for shipment to your location.

ATCC complete growth medium: Alpha minimum gssential medium with
Abonucleosides, decxynbonucleosides, 4 mM L-glutarmine, 1 mM sodium
pyruvate and 5 ng/ml murine GM-CSF, 80%; fetal bovine serum, 20%
Temperature: 37.0°C

Protocok Cultures can be maintained by transfamng floating cells to 3
centnfuge tube,

Attached calls may be subculturad using 0.25% trypsin-0.03% EDTA.

Pool cells and centrifuge the cell suspansion at 1000 mm for 10 minutas,
resuspend the pellet in fresh medium, aspirate and dispense o new
flasks.

Mote: This call line grows very slowly,

Subcultivation Ratio: A subcultivation ratio of 1:215 recommsandad
Medium Ranewal; Once per week

Freeze medium: Complate growrh madium 95%; DMS0, 5%

Storage temperature: liquid nitrogen vapor phasa

recommeandad serum:ATCC 30-2020

33868: Mackay VL, Moore

5,648,219 dated Jul 15 1597

47440: Moore SE. Preparation of immertahzed calls. US Patent 5,330,882
dated Nov 3 19598

EE. Immortalized dendntic calls. US Pagent

Notices and Disclaimecs

ATCC products are intendad for [aboratory resaarch purposes oniy, unless noted ctherwise. They are not intended for use in humans

37920109:29 Al
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Product Description
Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in

certain cases, an MTA specified by the depositing institution.
Customers in Europe, Australia, Canada, China, Hong Kang, India, Israel, Japan, Korea, Macau, Mexico, Mew Zealand, Singapore, and

hitp: “www atcc.org/ ATCC AdvancedCatalogSearch/ProductDetails ta. .

Taiwan, R.O.C. must contact a local distributor for pricing information and to place an order for ATCC cultures and products.

Cell Biology

ATCC® Number:
Designations:

Depositors:
Biosafety Level:
shipped:

Medium & Serum:

Growth Propertias:

Organism:
Maorphology:

Source:

Callutar Products:

Parmits/Forms:;

Receptors:

DNA Profile (STR):

Age:

Gendar:

Print this Page

CRL-2130™ Order this [tem Price: $272.00

hiik=2 Related Links »

RA Zager NCBI Entrez Search

2 [Cells Contain Papilloma viral DNA sequences | Make a Deposit

froeen Frequently Asked Questions

See Propagation Material Transfec Agreement

adherent Technical Support

Homo sapiens (human) Related Cell Culture Products

apithelial

Organ: kKidney, cortex

Tissue: proximal tubule

Cell Type: human papillomavirus 16 (HPY-16) transformed

alkaline phosphatase; gamma glutamyltranspeptidase; leucine
aminopeptidase; acid phosphatase; cytokeratin; alpha 3, beta |

integrin; fibronectin

In addition to the MTA menticned above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC matenal. Anyone
purchasing ATCC materal is ultimately responsible for obtaining the
pernits. Please ¢lick here for information regarling the specfic
requirernents for shipment to your location.

epidarmal growth factor (EGF), expressed

Amelogenin: XY
CSF1PO: 13
D13s317: 9
D165539: 11,12
D55818: 12
D75820: 10,11
THODL1: 9

TPOX: 8,9

wWA:D 17,18
adult

maie

3792010 9:50 Al
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Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in
certain cases, an MTA specified by the depasiting institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Kerea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R,0.C. must contact a local distributor for pricing information and to place an order for ATCC cultures and products.

Print this Page
Cell Biology
ATCC® Number: CRL-2123™ Order this Itemn Price: $349.00
Designations: miMCD-3 Related Links b
Depositors: S Guilans NCBI Entrez Search
Biosafety Level: 2 [CELLS CONTAIN PAPOVAVIRUS ] Make a Depasit
Shipped: frozen Erequently Asked Questions
Medium & Serum: See Propagation Material Transfer Aqreement
Growth Properties: adherent Technical Support
Organism: Mus musculus, transgenic (mouse, transgenic) Related Cell Culture Products
Morphology: epithalial
Source: Organ: kidney, medulla

Tissue: collecting duct
Cell Type: Sv40 transformed

Permits/Forms: In addition to the MTA mention2d atave, other nd/or |
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC matenal is ultimately responsible for obtaining the
permits. Please click here for information regarding the specfic
requirements for shipment to your location.

Isolation: Isolation date: 1991

Applications: transfection host (Roche FUGENE® Transfection Reagents)

Age: adult

Comments: mIMCD-3 is an inner madullary cellacting duct (IMCDR) cell line dedved in

1391 by Michael Rauchman from a mouse transgenic for the eardy region
of Sv40 [Tg(8v40E)bni/7].

A tubule from the terminal ene-third of the IMCD was microdissected and
placed 1n culture.

Confiuent cells were subcultured and clened using cloning cylinders.

This is a polarized epithelia cell line which retains many differentiated
charactenstics of the terminal IMCD inciuding inhibition of apical to basal
sodium flux by amiloride and by atral natrniuretic peptide (ANP).

The cells possess an amilprde sansitive sodium channel as determined
by westam blot analysis, and accumulate the major organic osimoiytes
(inositol, sorbitol, bataine and glyceropheospnorylcholing) in resporss to
hypertenic stress

The cells secrete endothelin and form tubulas and bight junctions.
mIMCD-3 cells are responsive te Hepatocvte Growth Factor (HGF), and are
readily adaptable to growth in hypertonic medium supplemented with
MNaCl and urea up to 910 mosmuol/kg H20,

These axtreme osmotic conditions exist in the renal medulla n vivo, but
are known to be lethal to most ather cells,

Propagation: ATCC complete growth medium: The base madium for this ceil ine 15
ATCC-formulated DMEM:F12 Medium Catalog Ne. 30-2006. To make the
compiete growth medium, add the following componants to the hase
madium: fatal bovine serum to a firal concentration of 10%.
Tamperature o
Atmosphere: air, 95%; tarbon diexide (CO2), 5%

bof2 53972010 9:534 AM
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Brocuct Bescription

Befora submitting an order you will be asked to read and accept the terms and conditicns of ATC
certain cases, an MTA specified by the depositing institution,

Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, I
Taiwan, R.C.C. must contact a local distributor. for pricing information and to place an order for £

ATCC® Number:
Designations:

Depositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Organism:
Morphology:
Source:

Cellular Products:

Permits/Forms:

Applications:
Tumorigenic:

DNA Profile {STR):

Cytogenetic Analysis:

Age:
Gender:

Ethnicity:

http:/ /www.atce.org/ ATCCAdvancedCatalegSearch/ProductDetails/tabid /45 2/ Default.aspx

CRL-1932™

(-)_rde"r this Item P
786-0 [786-0]

RO Williams

1

frozen

See Propagation

adherent

Homo sapiens (humany)

epithelial

Organ: kidney

Disease: renal cell adenocarcinoma
parathyroid hormone (PTH) like peptide

In addition to the MTA mentioned above, other ATCC and/or requlat
permits may be required for the transfer of this ATCC material, Any
purchasing ATCC material is ultimately responsible for obtaining
permits. Please click_ _here for information regarding the spe

reguirements for shipment to your location.
transfection host (technology from amaxa)

Yes

Amelogenin: X,Y

CSFIPO: 10

D135317: 8

D165539: 12

D55818: 9

D75820: 11,12

THOL: 6,2.3

TPOX: 8,11

vWA: 15,17

hypertriploid; Y was present in 60% the cells examined

58 years
male

Caucasian

Page 1 of 4
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Search Catalog
Select a Category .

Go

Login  Search Options

sl b Coftuees and Prochucts 1 Sdence | Standards | Deposit Services | Custom Services | Produck Use Policy

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's Material Transfer Agreement or, in
certain cases, an MTA specified by the depositing institution,
Customers in Europe, Australia, Canada, China, Hong Kong, India, Israel, Japan, Korea, Macau, Mexico, New Zealand, Singapore, and
Taiwan, R.C.C. must contact a local distributor for pricing infermation and to place an order for ATCC cultures and products.

ATCC® Number:
Designations:

Depositors:
Biosafety Level:
Shipped:

Medium & Serum:
Growth Properties:
Crganism:
Morphology:

Source:

Permits/Forms:

Tumorigenic:

Reverse Transcript:

Antigen Expresston:

GenoType:
Age:
Gender:
Comments:

Propagation:

htip:/ fwww.atcc.org/ATCCAdvancedCatalogSearch/ProductDetails /tabid /45 2/ Default.aspx?ATCCNum =CCL-223&Template=cell3iclogy

CCL-223™

" Order this ltem Price:
CMT-93

LM Franks

1

frozen

See Propagation

adherent

Mus musculus {mouse)

epithelial

Strain: C57BL/icrf

Organ: rectum

Disease: polyploid carcinoma

In addition to the MTA menticned above, other ATCC and/or requiatory

purchasing ATCC material is ultimately responsible for obtaining the
permits. Please click here for information regarding the specific

requirements for shipment to your location,
Yes

positive

H-2b

a(t)

19 menths

male

Tested and found negative for ectromelia virus (mousepox).

ATCC complete growth medium: The base medium for this celi line is
ATCC-formulated Culbecco's Modified Eagle's Medium, Catalog No. 30-
2002. To make the complete growth medium, add the following
components to the base medium: fetal bovine serum to a final
concentration of 10%.
Temperature: 37.0°C

Print this Page

$329.00

Related Links &

MCBL Entyez Search

take a_Deposit

Frequently Asked Questions

Material_Transfer Aqreement

Technical Support

Related Cell Cuiture Products

Page 1 of 2



SANTA CRUZ BIOTECHNOLOGY, INC.,

| I— -

TIM-T siRNA (h): sc-61691

TR Pouve e (rostion

BACKGROUND

| [APPLICATIONS

———

CDA* T helper lymphoeytes can be divided into types 1 (Th1) and 2 {Th2) on

the basis of their cytokine secretion patterns. Th1 ecfls and their associated
cytokines are involved in cell-mediated immunity to intraceliular pathogens
and delayed-type hypersensitivity reactions. Th? cells are invelved in the
control of extracellular helminthic infections and the promotion of atepic and
allergic diseases. T cell lg- and mucin-domain-contaming molecules (TIs)
are a family of molecules expressed on T cells. T#-1 is a singla-pass type §

membrane protein that is associated with the development of Th2 biased

immune responses and selectively expressed on Th2 celfs. TIM-1, also des-

ignated hepatitis A viris cellular receptor-1 {HAVer-1y or T cell membrane
protein 1, acts as & cell-suiface receptor for hepatitis A virus and may alse
play a role iz asthma and allergic disease requlation. TIM-1 is a widely
expressed protein with highest lavels detected in testis and kitngy,

| REFERENCES

1. Feigelstock, D, et al. 1993. The human homolog of HAVer-1 codes for a
hepatitis A virus cellular recepter. J. Viral. 72 652 1-6628.

2 Mclntire, J.J., et al. 2003. Immunology: hepatitis A virus link to atopic
disease. Nature 425: 576

3. de Souza, A.J., et al. 2005. T cell Ig and Mucin 1{THM-1} is expressed
on i vive-activated T cells and provides a costimulatory signal for T cell
activation. Proc. Natl. Acad. Sci. USA 102: 17113-17118.

4. Mariat, C., et al. 2005. Regulation of T cel! dependent immune responses
by TIM family members. Philos. Trans. R. Soc. Lond., B, Biol. Sei. 360:
1681-1685.

! CHROMOSOMAL LOCATION

Genetic locus: HAVCR1 thuman) mapping to 5g33.2,

[PRODUCT

TIM-1 siBNA {h} is & pool of 3 target-specific 19-25 nt siRNAs designed
ta knock down gene expression. Lach vial contains 3 nmotl of lyophilized
siRNA, sufficient for a 10 pM solution once resuspended using protocol
below. Suitable for 50-100 transfections. Also see TIM-1 shRNA Plasmid (hi:
5c-61651-SH and TIM-1 shRNA (b} Lentiviral Paiticles: sc-61681-V as alter-
nate gene silencing products.

For independent verification of TIM-1 () gene silencing results, we also
provide the individual siBNA duplex componests. Each is available as 3 nmeol
of lyophilized siRNA. These include: sc-61691A, sc- 816918 and se-61691C.

[STORAGE ann RESUSPENSION

Store fyophilized siBNA duplex at -20° C with desiccant. Stable for at least

one year from the date of shipment. Once resuspended, store at -70° C,
avoid contact with BNAses and 1epeated freeze thaw cycles.

Resuspend iyophilized siBNA duplex in 330 pl of the RNAse-free water
provided. Resuspension of the siRNA duplex in 330 ul of RNAse-Tree waler
makes a 10 pM solution ina 10 pM Tris-HCL, pH 8.0, 20 mM NaCl, | mM
EDTA huffered solution.

Santa Cruz Bietechnology, lne. 12004573801 B31.457.3800  fax©21 45/ 3201 Furope  +00300 4573 5000 49 6221 4503 1)

TIM-1 siBNA (h) is recommended for the inhibition of TIV-1 expression in
human cells.

[SUPPORT REAGENTS |
For optimal siRNA transfection efficiency, Santa Cruz Biotechnalogy's
siBNA Fransfection Reagent: sc-29528 (0.3 ml}, siRNA Transfection Medium:
56-36858 (20 ml) and siBNA Dilution Buller; sc-29527 (1.5 ml} are recom-
mended. Control silMAs or Fluorascein Conjugated Control siRNAs are
avaifable as 10 pM in 60 pl. Bach contain a scrambled sequence that will
not fead 1o the specific degradation of any known cellular mRNA. Fluorescein
Conjugated Contrel siRNAs include: sc-36869, sc-44233, sc-44240 and
sc-44241. Control siRNAs include: s¢-37007, s¢-44230, sc-44231, sc-44232,
5c-44233, se-44234, sc-4423b, sc-44235, s¢-44237 and sc-44238,

) [GENE LXPRESSION MONTTORING

TIM-T {BBCRY: se-80358 is recommended as a control antibody for monitoring
of TIM-1 gene expression knockdown by Wostarn Blotting {starting difution
1:200, dilution range 1:100-1:1000} or immunofluorascence {starting dilution
1:50, dilution range 1:50-1,500).

To ensure optimal results, the following support (secondary) reagents are
recommended: 1) Wostern Blotting: use goat anti-mouse lgG-HRP: sc-2005
{ditutien range: 1:2000-1:32,000) or Cruz Marker™ cempatibie goat anti-
mouse 1gG-HRP: sc-2031 {dilution range: 1:2000-1:5000), Cruz Marker™
Malecular Weight Standards: se-2035, TBS Blotio A Blocking Aeagent:
$¢-2333 and Western Blotting Luminol Reagent: s¢-2048. 2) Immunofluo-
rescence: use goat anti-mouse 1gG-FI7E: s¢-2010 {dilution range: 1:100-
1:400} o1 goat anti-mouse fgG-TR: se-2781 {dilution range: 1:100-1:400)
with UltraCruz™ Mounting Medium; sc-249417.

[RT-PCR REAGENTS |

Semi-quantitative RT-PCR may be performed to monitor TIM-1 gene
expression knockdown using RT-PCR Primer; TIM-1 (h1-PR: sc-61691-PR
{20 pl). Annealing temperature for the primers sheuld be 55-60° C and
the extension temperatuse should be G8-72° C.

[RESEARCH USE ) E

For research use only, not for use in diagnostic procedures.

[PROTOCOLS |

See our web site at www.scht com or our catalog for detailed protocols
and support prodhcts.

www.sebtcomn



Obtain high-level expression in virtually any cell type with our complete Lenti-X™ Expression System

s Opiimized lentiviral vector
and packaging system for high
titers and high expression

¢ Transfer genes into dividing and
nondividing cells and stem cells

¢ Puromyein rasistance allows rapid
selection of transduced cells

+ Gafa, replication-incompetent virus

Recombinant lentiviruses derived from
HIV-1 are able ro deliver genes into almost
any mammalian <ell type, including primary
cultures, dividing or nandividing cells,
and stem cells. Clontech has developed

a highly advanced lentiviral expression
system thar provides the broad cellular
tropism of VSV-G pseudotyped lentivirus,
high viral titers, and excellent ransgene
expression. The Lenti-X Expression System,
which includes the pLVX-Puro expression
vector and our Lenti-X HT Packaging System,
enables you to produce exceprionally high
titers of safe. replication-incompetent lentivirus
from ot cussornized pLVX-Trro vector (Figuee 1),

supertor Lonil X Vactons

Like all our Lenti-X vectors, pLYX-Puro
not only carries the 1.TRs and packaging
sequence required for lentivirus production
and replication, but it also conmins elements
that improve rransgene expression, titer, and
overall vector function. lis WPRE element,
believed to premate RNA pracessing events
and nuclear export. imparts a dual benefie (1).
First, it acts within the context of viral genomic
transcripts to enhance vector packaging and
increase the titers of viral supernatants produced
from 293T packaging cells, Second, it boasts
expression of your gene of interest in target
cells by facilitating the production of
mature mRNA from transcripts initiated
Ly the vecror’s internal CMVY promorter.
Lenti-X vectors alsa contain a cPPT element
that increases nuclear importation of the
viral genome during target cell infection,
resulting in improved vector integration
and more efficient transduction (2}
Moackaning

N I T .
!i:}iv- FYRCT Y 0y

Our Lenti- X HT Packaging System

produces ontstanding viral titers due to

5 LTR pgg

= s

pUC O

WPRE  Purdf

Figure 1. ivtap of pLVX-Puro. The vector
contains the lentiviral-specific LTRs and
packaging sequence (*}'}; a multiple ¢cloning

site (MCS) to insert your gence of interest {GOl);

puremycin resistance; and WPRE and cPPT
elements to boost packaging, viral titers,
and transgene expression.

asynergism ol highly optimized com-
ponents (3). The Lenti-X HT Packaging
Mix safely provides all the essential lentiviral
packaging and replication gene products
in mams on A proprietury siite of separate
vectors. Setected plasmids in the mixture
generate Ligh expression levels for critical
viral proteins as a result of Ter- Off* trans-
activation, For added safety, a spiit gag-pol
gene delivery strategy thoroughly prevents
viral replicative functions from being
transferred to target cells (3). Finally, the
inciuded Lentiphos'™ H'T transfection
reagents transfer the Lenti-X HT Packaging
Mix, along with your plVX-Puro vector,
inio 2937 cells with unprecedented
efficiency. The resulting high-titer viral
supernatants can be used directly, without
concentration.

i

i
i

il Hiors & Hlapid Selaciion
We used the Lenti-X Expression System to
generate a high-titer pLVX-Puro supernatant,
serial dilutions ofwhich were used to infect
naive cultures of 2937 cells (Figure 2.

Afeet replating the infected cells on 10 em
dishes and selecting transductanes with
puromycin, the resulting colonies of stable
transductants were stained for detection,
Cells infected with only 0.1 pi of supernatant
produced hundreds of calonies, while calonies
from cells infected with 1 pl virtually covered
the entire plate, These results demounstrate
the high titer and infectivity of a typical
pLVX-Puro superaatant,

Ciontech Laboratories, lnc. » www.clontech.com

Produet Size Cat. No. Price
Lenti-X Expression System s
each 632164 $1,096.00
Puromycin 25my 831305 .o
100 mg 631306 $176.00

Prices are subject t6 change without notice.

Components

= plVX-Puaro Vector

+ Lentt-X" HT Packaging Mix

* Lentiphos™ HT

* Lenti-X" Lentiviral Expression Systems
User Alanmal (PT3983-1)

Related Products

¢ Lenti-X" Fluorescent Vectors

(Car. MNos. 632152, 632153, 633154 & 632153)
= Lenti-X'" HT Packaging System

(Cae Nos, 632160 & 6321610

For research use only Mot for use i diagnostic or therapsutic
procedures. ot for resale. Clontech and the Clontsch lago
are trademarks of Clontech Laboratories Inc. All other
tradeparks ars the piopstiy of theiriespective oaners
Clontach is aTakara Bie Cormpramy. ©2607

Motice to Purchaser

Piease see the hGH Poly A, CMV Sequence, cPPT
Efement, IRES Sequence, Lentiviral Expression
Proclucts, Tet-Basad Expression Products,
VSY-G Technology, and WPRE Technology
licensing statemants at www.clontech con/licensing

Figure 2. Puromycin selection of trans-
duced celis. 293T cells were infected with
the indicated volumes (ul) of plVX-Puro
supernatant and selected with puromyein
for 3 days to allow the formation of colonies,
which were then stained with crystal violet.

The Lenti-X Expression System is a com-
prehensive system for preparing recombinane
feutivirus ro express any cDNA in any cell
type susceptible to lentivirus transduction.
It easily produces high-titer lentiviral
supernatants suitable for safe use with
virnually any downstream application,

References
1. Zutferey, Rocrad {1999 [ Virod 73(4): 78862890,
2. Zennon, Vo eraf {2000 CA7 1010000173185,

30 W, N erad (2000 Aol Thon 2010 3

Clontechnigues Qctober 2007



DAY
= Plate target cells in a 12-well plate 24 hours prior to viral infection.

« Add 1 ml of complete optimal medium iwith serum and antibiotics) and
incubate cells overnight. The cells should be approximately 50% confluent
on the day of infection {Day 2).

HOTE It is possible te use other plate formats for transduction as well. In
this case, the amount of cells should be adjusted depending on the growth
area of the well or plate.

DAY 2

« Prepare a mixture of complete medium with Polybrene® {sc-134220) at a
finat concentration of b pg/ml.

= Remaove media from plate wells and replace with 1 ml of this Polybrene/
media mixture par well (for 12-well plate).

NIE: Pelybrene is a polycation that neutralizes charge interactions to
increase binding hetween the pseudoviral capsid and the cellular membrane.
The optimal concentration of Polybrene depends on cell type and may need
to be empirically determined {usually in the range of Z-10 pg/ml). Excessive
exposure to Polybrene (>12 hr) can be toxic o some cells.

= Thaw lentivirat particles at room temperature and mix gently before use.
« Infect cells by adding the shRNA Lentiviral Particles to the culture.

« Swirl the plate gently te mix and incubate overnight. The amount of visal
particles to use varies greatly depending on the characteristics of the ceil
line used.

ROTE: Keep thawed shRNA Lentiviral Paiticles on ice. Repeated freeze-thaw
eycles and prolonged expostre of the particles to ambient temperatures may
result in decreased viral titers.

NOTE - When transducing a shBNA lentiviral constiuct into a cell for the first
time we suggest using several amounts of shRNA lentivirat particle stock.
In addition, we secommerx! to include one well with cells transduced with
Control shRNA Lentiviral Particles {sc-108080).

DAY 3

= Remove the culture medium and replace with 1 ml of complete medium
(without Polybrene).

= Incubate the cells overnight.

DAY 4

= To select stable clones expressing the shRNA, split cells 1:3 to 1.5,
depending on the cell type, and continue incubating for 24-48 hours in
complete medium.

DAY 5-6 and forward

= Select stable clones expressing the shANA via Puromyein dikydrochloride
{sc-108071) sefection.

« For puromycin selection, use an amount sufficient to kill the non-transducex
cells. Puremyein concentrations ranging from 2 to 10 pg/m! are usuatly
sufficient, but a puromycin tritation is recommended when using a new
cell tine.

= Replace medium with fresh puremycin-containing medium every 3-4 days,
until resistant colonies can be identified. Pick several colonies, expand them
and assay them for stable shRNA expression.

NOTF: Resufting puromycin-resistant clones may have varying levels of
shBNA expression due to the random integration of the lentiviral construct
into the genome of the cell.

NOTE: For shRNA expression analysis by Western Blot, prepare cell lysate
as follows:

» Wash cells ance with PBS.

« Lyse cells n 100 pl of a 1:1 mixture of Zx Electrophoresis Sample
Buffer {sc-24945) and RIPA Lysis Buffer {sc-24348) by gently rocking
the 12-well ptate ot by pipetting up and down.

- Sonicale the lysate on ice if necessary.

R(ITE: For shRNA expression analysis by RT-PCR, isolate RNA using the
method described by P Chomczynski and N. Sacchi {1987, Single-step
methad of RNA isolation Dy acid guaridinium thiccyanate-phenot-chloro-
form extraction. Anat. Biochem. 162: 155-159) or a commercially availabie
RNA isolation kit.

[BIOSAFETY |
Lentiviral particles can be employad in standard Biosafety Level 2 tissue
culture facilities {and should be treated with the same leve!l of caution as
with any other potertially infectious reagent). Lentiviral particles are repli-
cation-incompetent and are designed to self-inactivate after transduction
and integration of shRNA constructs into genomic DNA of target cells.

ishRNA LENTIVIRAL PARTICLES SUPPORT REAGENTSJ

PRODUCT  CAE #  DESCRIPTION AMOUNT
se- 19883 200 it
Fal t|~.‘l-:-z
CpER Contied so-1405084 1030
ilal tansdletions
F
524945 25wk
¥ concen atz
FiFa Lysis s 2443 50l
Euffar
Furaniwin se- 103071 26 g
dihitvzchbere bz
Fobitrzi=f se-134220 1l

Santa Cruz Biotechnology, Ins.  1.800.457.3201  §31.457.3800 fax831.457.3801 Earope  +00200 4573 2000 49 B221 45030 wwwischteom
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RNA interference (RNAIQ) was first identified in C. elegans by
Neobel laureates Fire and Mello (1), and now represents one
of the most promising discoveries in molecular biology.

Endogenous RNAI activity has been linked to the regulation of sista cuene stencer

transposon mobility (2), the determination of gene

expression profiles (3) and cell fate (4), and is a crucial
component of the innate cellular defense against viral
infection in vivo(3). Three unique RNAI mechanisims
controlling target gene expression have been demonstrated.
RNAI regulates gene transcription by modifying
neterochromatin formation (&), RNAI exercises two forms of
post-transcriptionat control. First RNAI can inhibit the

i translation of target mRNA {7) and second, RNAi can direct

target mRNA destruction through the RISC complex (8).
DICER first processes dsRNA teaving a two nucleotide long 3
overnang. This primes the dsRNA for binding to the RISC
complex and leads te the activation of the enzyme activity of
argonauite, the RNAse component of the RISC complex that

: destroys one of the RNA strands. The remaining guide strand,

through complementary binding, then teads the RISC
complex to associate with and cleave target RNA molecules.

. The discovery of RNAF introduced an extraordinarily powsarful

faboratory tool for researchers and became a promising
potential therapeutic tool, consequently leading to the 2006
Nobel Prize in Physiology or Medicing being awarded to
Andrew Z. Fire and Craig C. Mello. In the laboratory, RNAI
molecules are being used to downregulate individual target
gene expression in a variety of organisms and ceil types,
exploiting each of the three mechanisms of inhibiting gene
expression described above. These technigues are useful for
manipulating an experimental system to explore individuat

- gene and protein functions as well as their refationships to

other genes and proteins. RNAI also has exciting clinical
potential {2).

Details of these RNAI mechanisms are popular subjects of
rigorous study, though much remains to be clarified. RNAI

. canzrol of target mRNA degradation through the RISC
; complex, however, is the most well-described as well as the

intended mechanism for RNAI Gene Silencers.

hitp://www.scht.cam/gene_silencers.htmi#shrna_plasmid
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Santa Cruz Biotechnolegy, Inc. offers a complete line of RNA
Gene Silencers, including siRNA, shRNA Plasmid and shRNA
Lentiviral products covering > 99% of human and mouse
protein encoding goenaes.

Click to jurap to the section of your choice:

SiRNA Gene Sliencers  shRNA Plasmids  shRNA Lentiviral Particles  Frequently Asked Questions  Back to top

nce Prmlucts_offereci by Santa Cruz Biotechnolegy inc. ) ]

sIRNA description: A
s SiRMNA refers to small interfering or shert interfering RNA v el
s Requires transfection of cells using a lipid-based transfection i
reagent
- i ~dow : 1
s Useful for a transient knock-down WRNA citors the cell via
SIRNA product details: Iipad;b;mmi Lranstec liog L 3
o SIRNA Gene Silencers are pools of three target specific 19-25
nuclectide-long double stranded RBA rolecules with 2-nt 3° HE N A
overhangs on each end RN SRS

i e 10 [M, 50-100 transfections
; » for independent verification of target gene silencing results,
individual siRNA duplex compenents are also available upon
reqjuest
niHMNA bands RS0

W
g ey

Support Products for siRNA Gene Silencers:

|
{RNA-nduced . o B4 |
: o ‘ silencing complex) S A @ \
s suitable control antibodies are avaitable sile 9 i o |
e RT-PCR Primers are availabie SR e s ‘
e siRNA Dilution Buffer, sc-29527
» SIRNA Transfection Reagent, sc-29528 . o tpede .
¥ ' SRMA strands e separated
; e SiRNA Transfection Medium, sc-36868 ’ s e supatite
i e siRNA Reagent System, sc-45064 " ; TN
: e Control siRNAs, including Control siRNA-A, sc-37007 Q !
s Control siRNA (FITC Conjugate)-A, sc-36869
StHNAMRESE complex
azsociates with the twrget Anatrriatier b b Y
mHrA and cleaves it
LR |
& ANSL Y Y # i
rFy o - S N A
Tirped s I I
!
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' Lol e
i
FGE-19 siRHA (1)) sc- 39480 CD% siRNA (h): sc- 35032 Daxx siRHA (h): sc-35178 Celeh sIRMA {h): sc-29758 cytochiome ¢ sIRHA {h):

50-29207
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CRK 1 siRNA (m): sc 29308

cPLAZ STRMA (h): 5¢-29280

C-Sre SIRMA () 5¢-29228

4/19/10 1:09 PM

053 siRNA (h): 5029435 tamin AJC siRBA (h): sc- 35770

Clicl to jump to the section of your choice:

i siRNA Gene Silencers  shRNA Plasmids

shRMA Plasmid description:

: s shRNA refers to small hairpin or short hairpin RNA

! e Plasmids encoding shRNA enter the cell via lipid-based
transfection

o shRNA plasmids are capable of transient or stahie inhibition of
target gene expression

s shRNA Plasmids are provided as a pool of three to five lentiviral

vector plasimids which each encode a target specific 19-25 nt

shRNA with a 6 hp loop

20 pg, up to 20 transfections

shRMA transcription is under the control of the H1 promoter

provided as transfection-ready purified plasmid DNA

After transfection, cells stably exprassing shRMNA can be setected

by puromycin treatment

e 0 B @

Suppert Products for shRNA Plasmid Gene Silencers:

suitable control antibedies are available

RT-PCR Primers are available

shRNA Plasmid Transfection Reagent, sc-108061
shRNA Plasmid Transfection Medium, sc-108062
Control shRNA Plasmid-A, sc-108060

Control shRNA Plasmid-B, sc-108065

Control shRNA Plasmid-C, 5¢-108066

P 2 ¢ & B O &

Confirm shRNA Plasmid Geng Silencer transfection efficiency
with copGFP Control Plasmid: sc-108083

Generate Cells with stable expression of shitNA
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http:/ fwww.scht.com/gene_silencers.iitml#shrna_ plasmid

shRNA Lentiviral Patticles

Frequently Asked Questions Back to top

How do shRRNA Plasmid Gene Silencers work?
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IL- 1a shRNA Plasmid {h): PTH shRNA Plasmid (im): TCF- 4 shRMA Plasinid (h): FIS shRMA Plasmid (h): VEGE-D shRNA Blasmid (b):
50-30613-5H sc- 39714-SH sC-43525-5H Se-39703-5H s(-30844-5H
’ O \ ;
i ol i
. | .
| ! | -
& E ' 1 . :
& . ‘ L) _ i i ‘
1 | . < - i
b LT 0
; . i :
I ‘ | [
P ; o ) ! P :
Amylase shREA Plasmid (h): FGF-19 shRMA Plasmid {h): MMP-9 shRNA Plasmic (h}): BHEP-4 shRNA Plasmid (h): Cyr61l shRHA Plasmid (h): !
s-29075-5H 50 39480-5H s0-26400- 511 sc-39744- 51 s0-39331-54 !

Click to jump to the section of your choice:

SsiRNA Gene Silencers  shRNA Plasmids  shRNA Lentiviral Particles = Freguently Asked Questions Back to top

How do Lentiviral Particle Gene Silencers work?

his:/ fwww.scht.com/gene_silencers.htmb#shrna_plasmid Page 4 of 7
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shRMA

Lentiviral Patticle description;

shRNA refers to small hairpin or short hairpin RNA

Lentiviral Particles deliver a shRNA encoding plasmid to target
cell

yseful for either transient or stable knock-down of a target gene
Lentiviral Particles are provided as transduction-ready viruses for
targeted gene silencing in rnarmmalian cells (human or mouse)
200 yl viral stock containing 10% infectious lentiviral transducing
particles per ml, sufficient for 10-20 transductions

The Lentiviral Particles generally contain three to five expression
constructs, each construct enceding a target specific 19-25 nt
shRMA with a 6 bp loop

After transduction, cells stably expressing shRNA can be selected
iy puroimycin treatment

copGFP Control Lentiviral Particles aliow confirrmation of the
transduction efficiency of the Lentiviral Particles in a target cell
population by expression of GFP detectable by either flow
cytometry or fluorescence micrescopy.

The benefits of using shRNA Lentiviral Particles include avoiding
harsh transfection technigques and the ability to introduce shRNA
to any cell type

Biosafety information - Lentiviral Particles are repilication-
incompetent and are designed to self-inactivate after
transduction and integration of shRNA constructs into the
gencmic DNA of target celis.

Support Products for shRNA Lentiviral Particle Gene Silencers:

a
[
-3
2
@

syitable controf antibodies are available
RT-PCR Primars are available

Control shRMA Lentiviral Particles: sc-108080
copGFF Control Lentiviral Particles: sc-108084
puromycin dihydrochloride: sc-108071

Generate Cells with stable expression of shRNA
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Use an effective Transduction Control |
-
copGFP Contral Lentiviral Particles
| -
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W i s o8
| iy
i \
| !
s | .
PP shRNA (1) Lentiviral ephrin- AL shRHA {m) Lentiviral P-4 shREA Plasmid (I):

Particles: se-45991-V Paiticles: sc-3942/7-V sC-72122-5H
! s !

!
! 7t

#5

2937 cells stably transduced with copGFP Control Lentiviial
Particles {sc- 108084) compared with non-tansduced 297371
cells as a negative control,

THIFB shRMA Plasmid (h): Somatestatin shRMA (h) Lentiviral  fos B shRNA (1) Lenliviral
s€-3/218-5H Particles: sc-39728-V Narticles: sc-35403-V

Click to jump to the section of your choice:

| siRNA Gene Silencers . shRNA Plasmids  shRNA Lentiviral Particles  Frequently Asked Questions  Back to top

[ N N - ) Frequently Askad Questions:

What are the advantages of using shRNA versus siRNA?
Transfection of siRMA Gene Silencers into cultured cells provides a fast and efficient, though short-term, decrease in target gene expression.
One may achieve stable gene silencing using shRNA Plasmids or shRNA Lentiviral Particles followed by puromycin selecticn. So, if one is
targeting the expression of a protein with slow turnover, shRNA Plasmid or ShRNA Lentiviral Particles would be idea! for accomplishing the
goal.
What is the difference between using shRNA Lentiviral Particles versus shRNA Plasmids?
\ Transfection is required to use shRNA Plasmids for target gene silencing. Whereas shRNA Lentiviral Particles arrive ready fo add to virtually
) any mammalian cell type, including primary and non-dividing cells. Both ShRNA Plasmids and shRNA Lentiviral Particles may be used to
develop stable expression of the shRNA with purormycin treatment. Lentiviral particles are shipped on dry ice while shRNA Plasmids are
shipped on blue ice.
Do Lentiviral shRNA products pose any safety concerns?
Lentiviral particles can be employed in standard Biosafety Level 2 tissue culture facilities (and should be treated with the same level of
: caution as with any other potentially infectious reagent). The Lentiviral Particles are replication-incompetent and are designed to self-
! inactivate after transduction and integration of the shRNA constructs into the genornic DNA of target cells.
© Are the sequences of your shRNA products the same as those for your related siRNA products to the same gene? Do you make those
sequences available?
Yes. The sequences encoded in cur shRNA Plasmids are the same as those dsed in the corresponding siRNA Gene Silencer products. These
I sequences are available to customers. Contact your Technical Service Represantative,
The shRNA Plasmids are provided as a pool of three to five plasmids. Are they provided in separate vials? Are the individual shRNA
L plasmids of a pooled product sold separately?
) The shRMA Plasmid products are provided in one vial. We offer the siRNA strands separately upon request. We may offer the plasmids
separately in the future.
What kind of lentiviral vector do you use? What is the "vector name"?
The lentiviral vector we use is a custem made, proprietary vector. Please let us know what information you are looking for and why you need
it. We might be able to answer your question without disclesing proprietary information.
What type of promoter does your vector use for shRNA transcription?
The vector uses a H1 promoter
What type of selection marker(s) are in the vector?
The vector has a Puromycin resistance gene encaoding puremycin N-acetylitransferase enzyme for selection of successfully transfected or
transduced cells.
How do you propagate the tentiviral vector plasmid?
The shRNA Pilasmids and Lentiviral Particles are sold as transfection / transduction ready products. Ko additional preparation is necessary.
shRMA Gene Silencers are consumable products for which no propagation protocols are provided,
What is copGFP and how is it helpful for use with the shRNA plasmids and Lentiviral Particles?
fiy administering the copGFP plasmid or copGFP Lentiviral Particies to a separate sample of target cells, one can identify the transfection or
viral transduction efficiency for the target cell pepulation. The copGFP plasmid and capGFP Lentiviral particles lead te expression of copepod
green fluorescent protein which can be detected using & fluorescence microscope or flow cytometer.
What is the difference between (h) and {(h2) shRNA products (for example E-Cadherin, 5¢-35242-5H and s¢-44222-51}7
The (h) and (h2) preducts are designed to silence the same gene, they have different sequences.
What support products and transfection reagents must I purchase from SCBYT to use your shRNA Plasmids?
We recopmmend our shRNA Plasmic DNA Transfection Reagent, sc-108061 in addition to shRNA Plasynid ONA Transfection Medium,
sc- 108062 . We also recommmiend our control shRNA Plasmid DNAs, either 5¢-108060 (A), sc-108065 (B) or sc-108066 (C). These encode
scrambled shRNA sequences which will not target any known mammalian mRNA.

Click to jump to the section of your chioice:
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Lentivirus Packaging and Production

Recently Viewed
The laboratories of Qidier Treno (EPFL) and Robert Weinberg (Whitehead institute) have deposited plasmids for the NMami

k fan RMALT
production of lentiviral particles. These plasmids can be used with many leativiral vectors, including The RNAI Cale
Consoriium ShRNA vectors being distributed by Sigma (i.e. MISSION shRNAs) and Cpen Biosystems (i.e. TRC o
shRNAs) r3AS3Zneo

s Plasmid 1757
QOvarview

Fer producing lentiviral particles, you typically need three components: 1) a lentiviral vector, such as glLKO.1 or
SLVTHM . containing the shRNA or transgene, 2) a packaging vector, such as 28PAX2 or pCMV-dRS 2 dvor, and 3) an
anvelope vector, such as gMD2.G or pCMVVSVG

For most applications, you can produce viral particles by transient transfection of 2837 celis with a 2nd generation
packaging system (e.g. packaging plasmid psPAX2 and envelope plasmid pMD2.G).

2nd Generation Packaging System

in general, lentiviral vectors with a wildiype 5 LTR need the 2nd generation packaging system because these vectors
require TAT for activation. All tentivirai vectors frorm the Trono or Aebischer iab require packaging with a 2nd generation
system.

Below are two 2nd generation systems. Lentviral plasmids based on pLKO. can be packaged with either system,
although the first system nas been reported to produce higner titer. See Addgene's pLXQ " Protocol for producing
lentiviral particles.

2nd generation system deposited by the Trono lak:

o Plasmid Description

| 12260 psPAX2 2nd generation packaging plasmid for producing viral particles. psPAX2 contains a robust CAG
promoter for efficient expression of packaging proteins. Trone lab and Aebischer lab lentiviral
vegtors require psPAXZ. Producas higher titer than pCMV-dRB.2 dvpr.

, 12238 pMD2.G - Envelope piasmid for producing vira! particles

ond generation system deposited by the Weinberg lak:

i 1D Plasmid Descripbon
L8455 pCMV-dRB.Z dvpr  2nd generation packaging plasmid for producing vira! patticles
% 8454 pCNV-VSVG Envelope plasmid jor producing viral particles

3rd Generation Packaging System

The 3rd generation packaging system offers maximai biosafety but is more cumbersome to use, as it involves the
transfection of four different plasmids in the producer cells (two packaging plasmids. an snvelope plasmid, and the
entiviral vector).

if you wish 0 Lse this system. you need o have a lentiviral vactor with a chimeric 5' LTR in which the HIV promoter is
repiaced with MV or RSV, thus making 1t TAT-independent. Sxamples of these vectors include olKO 1 pti3.7. pl3.
o_enti6, pdiso/pSicoR, pCl, pCS, and plova,

Mast Aebischer and Trono Lab lentiviral veciors CANNOT be used with s system. A lentivirai vecter carrying a
~himeric 5 LTR can be packaged with either the 2nd or 3rd generation packaging systerm,

D Plasmid Description '

1925 oMDLY/pRRE 3i¢ generation packaging masmid for producing virat parﬂo’lesi

kg ;mvx-v.addgene.org,'pgvecl?f—c&cmd:showcol&co‘:id=l JQk&page=ha Page L of 2
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i 12253 pRSV-Reav 3rd generzation packaging plasmid for producing virai particles {

12258 pMD2.G Envelope plasmid for producing viral particles i

Mare information

L]

Click here to browse other RNAI vectors, or search for plasmids using the search bar at the top of the page
Trono Lab website or ariiwes: information and a discussion forum on clening, packaging, and other protocols.

Moffat J et al. 2008, A lentiviral RNAI fibrary for human and mouse genes applied to an arrayed viral high-content
screen. Cell 124:1283-1288. (PubMed)

Ventura et al. 2004. Cre-lox-regulated conditional RNA interference from transgenes. PNAS 2004 Jul
13;101(28410380-5. (PubMed)

Naldini L et. ai. 1998 In vivo gene delivery and stable transduction of nendividing cells by a entiviral veclor.
Science 272:263-267. {PubMed)

Dull et al., A Third-Generation Lentivirus Vector with 2 Conditiona! Packaging Systern. J. Virol. 1988 72{11). 8463-
3472, (PubMed)

Zufferey R et al. 1997. Muitiply attenuated lentiviral vector achieves efficient gene deiivery in vivo. Nat Biotechnacl
15(9):871-5. (PubMed)

Zufferey R et. al. 1988 Self-inactivating lentivirus vector for safe and efficient in vivo gene delivery. J Virol
72(12).5873-80. (PubMed)

Cell Line

“he 293T cell line for producing lentiviral particles can be obtained from GerHunter,

attp:/ Swwew.addgene.org/pgvecl? ~c&cmd sshowcol&colid=1 70&page =6
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Page 2 of 2



Addgene - pBABE-nec Plasmid Data

: -
g e : ‘» H .,--s')
k3 : 3
s T -~
- >

Srowse > Bob Weinherg > Atticle > pBABE-neo

Search for Plasmids:

2rint Friendly

" Plasmid 1767: pBABE-neo .-

none
Unknown

pBABE -nec
{Search Vector Database)

Mammalian expression,Retroviral
5330

pBABE 5' (List of Scquencing Primers)
pBABE 3

Ampicillin

High Copy

Yes

Neomycin

View map

DH5a

Bob Weinberg

pBABE protocol (PDFY

MTA

Morgenstern JP, Land H., 1980, Nucleic Acids Research 18(12).3587-26.

Email

Note: There is an extra ~300 bp of vector sequence between the Hindlil site and the neomycin
gene that is not depicted in the author's sequence.

If you are using the pBABE protocol from the Weinberg Lab to generate virus, please note that

Addgene supplies pCL-Eco (#12371), VSV-G (#8454), and a gag/pol expression vecter

(#8455).

Addgene has sequenced a portion of this piasmid for verification. Ciick here for the sequencing

result.

Click on map to eniarge

atipcf fwww.addgene org/pgvecl f=c&emd=Ffindpl&identifier=1767 Lattag=r&atgx=

Login | New User

Advanced Saarch

Price: $65.00

ot}

Author's Map

Sequence

Reviews {G)

From this artic’'e

Bob Weinkerg Lab
Plasmids

pBABE-hygro

pBAZE -ouro

08ABE-zeo ( pBABE-
bleo)

pBABE GFP

pBABE-neo-hTERT

10-03-04 4:22 PM

Plasmid Cart

Your can s amply

Recently Viewed

Page 1072



addgene - pBABE-nea Plasmid Data

5_LTRZ2
3MoMutV_LTR
psi_plus_pack
pBABE_5_primer
pBABE_3_primer
$V40_enhancer
SV40_promoter
SV40_origin
SV40_promoter
SV40pro_F_primer
QRF frame 3
NeoR/KanR
3MoMuLV_LTR
5 LTR2
p3R322_onigin
Ampicilin

AmpR_promotar

¥
A
\"

12 - 479

18 - 479
549 - 1350
1318 - 1334
1428 - 1408
1629 - 1414
1426 - 1694
1593 - 1670
1546 - 1748
1655 - 1674
1752 - 2564
1773 - 2561
2611 - 3204
2553 - 3204
4130 - 3561
5202 - 4342
5272 - 5244

Spel
Aatll
Bamit
EcoRl
Sall
Stul
Hindlll
Clal
Nhe!
Notl

615

71
1355
1379
1397
1726
1743
25687
2841
4294

Slease ackrow'sdge the principal investigator If you use this plasmid in a publication.

Also, please include ne text "Addgere plasmid 1767" in your Materials ard Methods sechon.
This information ailows Addgene to create a link from the plasmid page to your publication,

hiip: Swww.addgene.org Jpgueciif=ckemd =findpl&identifier=1767&aitay =r&atgx=

10-G3-04 4:22 PV
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SIGMA-ALDRICH

Material Safety

Data Sheet

Revisich Date 06/18/2009
Print Date 02/03/2010

Versien 3.1

1. PRODUCT AND COMPANY IDENTIFICATION

Product name . ADP-ribosyltransferase C3, from Clostridium
botulinum

Product Number : AB724

Brand ;. Sigma

Company - Sigma-Aldrich Canada, Ltd

2149 Winston Park Drive
QAKVILLE ON L6H 648

CANADA
Telephone 1 +18058259500
Fax . +13058299292
Emergency Phone # . 80C-424-9300

5. COMPOSITIONANFORMATION ON INGREDIENTS

Synonyms - Botulinum neurotoxin C3
C3 Exoioxin
C3 Transferase
C3 Exoenzyme

[CAS-No. [EC-No. [index-No. f Concentration

|
| ADP-ribosyltransferase C3 from Clostridium botulinum

[58319-92-9 [- - [-

I

3. HAZARDS IDENTIFICATION

WHMIS Classification

D28 Toxic Material Causing Other Toxic Effects Moderate respiratory iritant
HMIS Classification
Health Hazard: 2
Flammability: 0
Physical hazards: ¢
Potential Health Effects
Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye iritation.
Ingestion May be harmful if swallowed.

4. FIRST AID MEASURES

. N Ao Sigma-Aldrich Corporaticn
Sigma - ABTZ4 weaw.sigma-aldrich.com

Page 1 of °



General advice
Consult a physician. Show this safety data sheet to the doctor in attendance Move out of dangerous area,

if inhaled

If breathed in, move parson into fresh air. If not breathing give artificial respiration Consult a physician.
in case of skin contact

Wash off with s¢cap and plerty of water. Consult a physician.

In case of eye contact
Rinse thoroughly with plenty of water for aft least 15 minutes and consuit a physician.

if swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

Flammable properties
Flash point no data avaiiabie

Ignition temperature  no data available
Suitahle extinguishing media
Use water spray, alcohol-resistant foam, dry chemicai or carbon dioxide.

Special protective equipment for fire-fighters
VWear self contained breathing apparatus for fire fighting if necessary.

6. ACCIDENTAL RELEASE MEASURES
Personal precautions
Use personal proteclive equipment. Avoid dust formation. Avoid breathing dust. Ensure adequate ventilation.

Environmental precautions
Do not let product enter drains.

Methods for cleaning up
Pick up and afrrange disposal without creating dust. Keep in suitable, ciosed containers for disposal.

7. HANDLING AND STORAGE

Handling

Avoid formation of dust and asrosais.

Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire
protection.

Storage
Keep container tightly closed in a dry and well-ventilated place.

Recommended storage temperature: 2- 8 °C

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substarices with occupational exposure limit values.
Personal protective equipment

Respiratory protection

Where risk assessment shows air-purifying respirators are appropriate use a dust mask type N35 (US) or type P1
(EN 143) respirator. Use respirators and components tested and approved under appropriate government
standards such as NIOSH (US) or CEN {EU}.

Hand protection
riandie with gicves.

Slgma-AldriCh COFpOfatEOn T

Sigma - ABT24 Wi Sigita-akinch . com
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Eye protection
Safety glasses with side-shields conforming to EN166

Skin and body protection

Chcose body protection according to the amount and concentration of the dangerous substance at the work
place.

Hygiene measures

Handle in accorcance with good industrial hygiene and safely practice. Wash hands pefore breaks and at the end
of workday.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Form solid

Safety data
pH no data available
Melling point no data available
Boiling point no data available
Flash point no data available

lgnition temperature  no data available
Lower explosion limit no data availabie
Upper explosion limit  no data available
Water solubility no data available

10. STABILITY AND REACTIVITY
Storage stability
Stable under recommended storage conditions.

Materials to avoid
Strong oxidizing agents

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Nature of decomposition products not known.

11, TOXICOLOGICAL INFORMATION

Acute toxicity

no data available

irritation and corrosion

no data available

Sensitisation

Prolonged or repeated exposure may cause allergic reactions in cernain sensitive individuals.
Chronic exposure

IARC: No compoenent of this product present at levels greater than or equal to 9.1% is identified as
orobable, possible or confirmed human carcinogen by [ARC.

““Slgma-Aldrich Corporaticr
www sigmea-aldrich.com
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Signs and Symptoms of Exposure

Headache, Dizziness. To the best of our knowledge, the chemical, physical, and toxicological properties have not
heen thoroughly investigated.

Potential Health Effects

Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye irmitation.

Ingestion May be harmiful if swaliowed.

12, ECOLOGICAL INFORMATION

Elimination information (persistence and degradability)
no data available

Ecotoxicity effects
no data available
Further information on ecology

no data available

13. DISPOSAL CONSIDERATIONS

Product

Observe all federal, state, and local environmental regulations. Contact a licensed professionat waste disposal
service to dispose of this material.

Contaminated packaging
Dispose of as unused product.

14, TRANSPORT INFORMATION

DOT (US)
Not dangercus goods

IMDG
Not dangerous goods

1ATA
Not dangerous goods

15. REGULATORY INFORMATION

DSL Status
This product contains the follewing components that are not on the Canadian DSL nor NDSL lists.
CAS-No.
ADP-ribosyltransferase C3 from Clostridium botulinum 5831¢-92-9
WHMIS Classification
D28 Toxic Material Causing Other Toxic Effects Moderate respiratory irritant

16. OTHER INFORMATION

Further information
Copyright 2009 Sigma-Aldrich Co. License granted to make unlimited paper copies for nternal use only.

Sigma-Aldrich Corporation

; gl ot Sage 4 of P
wiwv sigma-aldrich.com
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The above information is believed to be correct but does not purport to be all inclusive and shail be used only as a
guide. The information in this document is based on the present state of cur knowledge and is applicable to the
product with regard to appropriate safety precautions. it does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shalt not be held liable for any damage resulting from handling or from contact with
the above product. See reverse side of invaice or packing slip for additional terms and conditions of sale.

. . | ‘ Page 5 of §
Sigma - A3724 A sigroa -aidrich. com 9




i RPN T LR S

Phalloidin, Amanita phalicides: sc-202763

TR LY

e Pt i Chattsass

1. identification of the substance/preparation and of the company/undertaking

wel e : Phaligidin. Amanita phafloides Cadnin

= fermui ;o CureNO-S

Nrmomaan 1 ohaloidin

sC-202785

Santa Crug

2135

Daiaw,

HAigiechrology, inc.
carg Avenus

Santa Cruz, Catitorrsa 25560

80C.E7.3807 or 831 457 380D

2. Composmor‘ information on ingredients

Tentniion : Subsiance

e B Y FUON e PSvainy
;

Phaladin Amamla phaliodes 17465-45-4 245-484-5 T4

"R27128

3. Hazards identification

Handdea) vhemien hasards o Mot apphoabe

DANGER!

MAY BE FATAL IF ABSORBED THROUGH SKIN OR IF SWALLOWED
MAY CAUSE DAMAGE TO THE FOLLOWING ORGANS: KIDNEYS, LIVER
GASTAOINTESTINAL TRACT. CENTSAL NERVOUS SYSTENM.

4, First-aid measures

Lid measaroes

~outh lo an

laimaation . B onnaied. remove 0 resh ain, ot braathing. gove artfoal respiration. It breathing s dthcult, give axyger Gel medea
atenien
U C Ot swaliowed, ¢o rot :duce vomiing wniess directed 1o o 5O by medical persornel.  Nevar Gve anyithing oy
LOCERSEIoUS person. LOoSan tignt clothing such as a coiiar. tie. balt or waistbane. Geil mecical atention mmediatay
LI e . n case of comiact immedhaiely fush skin with plenty of water. Remove comtamimated clolming ard sroes

befora reuse. Troroughly Clean snoes before rause. Gel medical atiention.

YWash ciotning

. Check lor ard rémave any cortact ienses. 1 case of coac immagiateny Hush ayes with pignty of watar for at'east 15

micuies. Get medical aitenion,

Sxrrermaly hazardous o case of ngesion May D8 tatal f swalowsd

N RTINS © Extremeiy hazardous in case of $4in CONtact (parmealcr:  Savera gver-exposure can resuilin deain
Lo vond s . neppa ted 2xpOSUTE 1D 2 Mighly Ioxic malerdl may pracduce general delanoraton of neaith by an Aactumulancn i Sre o7

macy human grgars.

3. Fire-fighting measures

Aay e Sombustdig at mgh temperatura

Fiviaibitert N
fog oricarr Do ratuse waly ot

owicas (GG, CO2y miroger sxdes inD NO2

e U2 10 L38 an ADDrOVRC/Cet eC 1ASRralor or 2gevatent

e lannarg shoLid wear cosidive prassure sel-oontaned breathing apparaius (5CE

A and b



6. Accidental release measures

Do Spiesh gogaies. ~ul sut Dust respiralor Beools. Gioves. A se;:‘-con:ame:_; Pa‘r‘qu agparatus should oo
nnalzbion of the proguct. Suggesiad protachve sioining might not bé coonsul a .,r=c.a<.s. SEFORT nandi
oduct

Al Pramd enh . Usi appropriate tooks 0 DUt e spiied solc .0 3 conven.ent waste 4isgosai santainer

Coesnland vt . Sicp teak f vathout nisk, Do rot get waar nside centamer. Do not tzuch spiied materal  Use2 waler spray o lecuce

vapors. Prevant entry :nto Sewars. DASETMENTS or contined areas. dike i neadad. Elipwnate al (Jnon souwces Catl

ior assislance on d.S3058i

7. Handiing and storage

Keep locked up. Keep away from heal. Keep away from scurces cf igniton. Emply containgrs cose a fre s s%c SYRROTELS
ine residue under a fume hood. Ground afl equipment containing ma\e.:al U0 natingest Do not reathe Just Avoig
gontact with skin, Wear sultable protective clothing. i ingesled. seek medical advice wmim ediately anG show he Ioniaires
cr tne iabel

Keap contairer tighlly closea  Keeo comtainer i a2 coot wtl-vertiated area Do gt siore atove 4 ciez s

LRI TR IO AU DU ongind oonlainer

™ 4+
8. Exposure controis/personal protection
Use process enclosures, iocal exhaust vensiiakon, or Siher engineering Conlrals 10 X22p rborne 13veis below
recommanded exposure Imis. ¥ user operatons generale dust. fume or mist. use veniial on 10 K2ep $XOOSUI 10 AN
coentaminants below he exposre Himil.
"Wash hands. ‘orearms, anc ‘ace tharoughiy a’ter nandhng compounds and nefre ealing, SMOKAG. LSNG lavaicry. and a
the znd of dav

Odcemationg! Pyoemure §ingies

raliodin, Amania phailoides Net avallatle.

e et b
R nnarn sy sten: -+ Dustrespraler  Be SuLe W0 use an approvedigerntified respwrator o aguvaent
=5 BOEN Lan eoat
Lanra . Gloves.
s 1 Salewy glasses

Pleteatan

9, Physical and chemical properties
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Nt 1 O SEYSDOK)

Not avalabla,

LESC, Notavadtable

LC3G: Not avarlable.

S Lonavinh ;. Repeated exposure 10 a highly toxe matenal may sroduce general deternoration of 7ealh oy an
many human o:gans.

Toxic for humans o animal life.

Extremaly hazardous i case of skn contact (permealsr) of ingaston,
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wot availabls
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12. Ecological information

NoUavaiabie

The products 2! degradation ar2 iess toxc than the srocuc! itself

i3. Disposal considerations

aewal Waste al tdcues: © Waste muost be disposed of in accorgance with lederzl, state anc ocal environmental continl raquiatens
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ot avaiiadie

' 15. Regulatory information

Lasued vmtalis

Very (okic

R27:28- Very 1ong in camtact with skin and & swalowed.

522+ Do not oreathe dust.

§38/5739- YWear suinable protechive ciothing, gioves and eyeface protection

545- In case of acciden: or # you teel unwell seek medical advice immediately {3how ‘he ighel wnere possible)
- Paglicidin. Amanita phalioides

TSCA, NG producis werg found.

SARA 3027304/311:312 exiremely hazerious subslances: No products were found,
SARA 302504 emergency planning and notlticaticn: No products were ‘ound.
SARA 302704/311/312 hazardous chemicals: No progucts were found.

SARA 311312 MSOS disinbution - chemical invaniory - hazard dentdication” No progucts were fourd
SARA 313 toxic chemical rotification and release reporting: No procucts were icund
Clean Water Act (CWA) 307 No progucts were found

Clean Water Act [CYWA) 311 No producis were tourd.

Clean air act (CAA) 112 accidental rglease pravention. Na products were found.
Clean air act (CAA) 112 regulated tlammable sybstances: No products wera feunrc
Clean air act {CAA} 112 reguiated toxic subsiances NG progucts were lounc.
CLASS: Pighiy toxe.

SLASS: Target organ effects

NGt controiled uncer WHMIS [Canadal

No preducts wera lounc

16. QOther information

. ' i
e s oo SRR
{ Reactivity !
B ~ 1 . - s
“Parspnat Protestion | O -

The above informaiion is believed to be correct but doex nol parport (o e complete and should de used oniy o5 « guide. The barden of
vafe wse of this material rests eatirely with the user.
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MATERIAL SAFETY DATA SHEET

SECTION 1 - SUBSTANCE IDENTITY AND COMPANY INFORMATION

Product Name: G418 Suifate
ATCC Cataltog No.: 30-2305

COMPANY INFORMATION: AMERICAN TYPE CULTURE COLLECTION
PO BOX 1549
MANASSAS. VA 20108
FOR INFORMATION CALL: 800-638-6397 or 703-365-2700
AFTER-HOURS CONTACT: 703-365-2710

CHEMTREC EMERGENCY: 800-424-9300 or 703-327-3887

SECTION 2 - COMPOSITION/INFORMATION ON INGREDIENTS !
HAZARDOLS INGREDIENTS | CAS NUMBER | EC NUMBER (EINECS) | 1
P G418 I 108321-42-2 UNLISTED '
SECTION 3 - HAZARDS IDENTIFICATION

EMERGENCY QVERVIEW:

HARMFUL BY INHALATION AND [F SWALLOWED.
AVOID CONTACT WITH SKIN AND EYES.

DO NOT BREATHE DUST.

WHEN USING. DO NOT EAT. DRINK. OR SMOKE.

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND SEEK
MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING AND GLOVES.

IN CASE OF ACCIDENT OR IF YOU FEEL UNWELL. SEEK MEDICAL ADVICE IMMEDIATELY
{(SHOW LABEL WHERE POSSIBLE).

TARGET ORGAN:
NIDNEYS.

EARS.

EYES.

"SECTION 4 - ) FIRST AID MEASURES

EYES: FLUSH WITH PLENTY OF WATER FOR AT LEAST 13 MINUTES. ASSURE ADEQUATE
FLUSIING BY SEPARATING THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.

SKIN® IMMEDIATELY WASH SKIN WITH SOAP AND PLENTY OF WATER.

INGESTION: WASH OUT MOUTH WITH WATER PROVIDED PERSON 15 CON SCIOUS. CALL A
PHY SICIAN.

INHALATION: REMOVE TO FRESH AIR. {F BREATHING BECOMES DIFFICULT. CALL A

PHY SICIAN.

CSECTIONS - FIRE FIGHTING MEASURES




FEXTINGUISHING MEDIA:
WATER SPRAY. CARBON DIOXIDE. DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES:
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO PREVENT
CONTACT WITH SKIN AN EYES,

UNUSUAL FIRE AND EXPLOSIONS HAZARDS:
EMITS TOXIC FUMES UNDER FIRE CONDITIONS. SUBSTANCE IS NONCOMBUSTIBLE.

SECTION 6 - ACCIDENTAL RELEASE MEASURES

WEAR SELF-CONTAINED BREATHING APPARATUS. RUBBER BOOTS AND RUBBER GLOVES.
WEAR DISPOSABLE COVERALLS AND DISCARD THEM AFTER USE.

SWEEP UP CAREFULLY TO AVOID CREATING AIRBORNE DUST.

PLACE IN A SUITABLE CONTAINER. SEAL. LABEL. AND HOLD FOR WASTE DISPOSAL.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE. EVACUATE

SECTION 7- _HANDLING AND STORAGE

STORE AT REFRIGERATED TEMPERATURES (4 to 8° C). KEEP CONTAINER TIGHTLY CLOSED.

SECTION § - EXPOSURE CONTROLS/PERSONAL PROTECTION

MECHANICAL EXHAUST REQUIRED.

WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR., CHEMICAL-RESISTANT GLOVES.,
SAFETY GOGGLES. AND OTHER PROTECTIVE CLOTHING.

EMERGENCY SHOWER AND EYE WASH STATION SHOULD BE READILY AVAILABLE.

AVOID CONTACT WITH EYES. SKIN AND CLOTHING.

AVOID PROLONGED OR REPEATED EXPOSURE.

WASH THOROUGHLY AFTER HANDLING.

WASH CONTAMINATED CLOTHING BEFORE REUSE.

SECTION - PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR:
WHITE TO OFF-WHITE ODORLESS POWDER.

PHYSICAL PROPERTIES:
DATANOT AVAILABLE.

_SECTION 10 - STABILITY AND REACTIVITY

STABILITY:
STABLE.

INCOMPATIBILITIES:
STRONG OXIDIZING AGENTS.



HAZARDOQUS COMBUSTION OR DECOMPOSITION PRODUCTS:
CARBON MONOXIDE. CARBON DIOXIDE. NITROGEN OXIDES, SULFUR OXIDES.

HAZARDOUS POLYMERIZATION:
WILL NCT OCCUR.

SECTION 11 - TOXICOLOGICAL INFORMATION

ACUTE EFFECTS:

MAY CAUSE SKIN IRRITATION.

MAY BE HARMFUL IF ABSORBED THROUGH THE SKIN.

MAY CAUSE EYE IRRITATION.

MAY BE HARMFUL IF [INHALED.

MATERIAL MAY BE [RRITATING TO MUCOUS MEMBRANES AND UPPER RESPIRATORY TRACT.
MAY BE HARMFUL IF SWALLOWED.

TO THE BEST OF OUR KNOWLEDGE. THE CHEMICAL. PHYSICAL. AND TOXICOLOGICAL
PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

SECTION 12- ECOLOGICAL INFORMATION

DATA NOT AVAILABLE,

SECTION 13- DISPOSAL CONSIDERATIONS~

CONTACT A LICENSED WASTE DISPOSAL SERVICE TO DISPGSE OF THIS MATERIAL,
OBSERVE ALL FEDERAL. STATE. AND LOCAL ENVIRONMENTAL REGULATIONS.

. SECTION 14 - TRANSPORT INFORMATION

DATA NOT AVAILABLE.

SCHEDULE B NUMBER: 2941.90.6000

SECTION15- REGULATORY INFORMATION !

EUROPEAN INFORMATION:

RISK PHRASES 20/212

HARMFUL BY INHALATION AND {F SWALLOWED.

SAFETY PHRASES 20721, 22 24/23. 26.36/37_43

WHEN USING, DO NOT EAT, DRINK. OR SMOKE.

DO NOT BREATHE DUST.

AVOID CONTACT WITH SKIN AND EYES.

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND SEEK
MEDRICAL ADVICE

WEAR SUITABLE PROTECTIVE CLOTHING AND GLOVES.

IN CASE OF ACCIDENT OR IF YOU FEEL UNWELL. SEEK MEDICAL ADVICE IMMEDIATELY
(SHOW LABEL WHERE POSSIBLE}.

SECTION 16 - OTHER INFORMATION




THE INFORMATION PRESENTED IN THIS DOCUMENT IS BELIEVED TQ BE CORRECT BASED
LPON DATA AVAILABLE TO ATCC. USERS SHOULD MAKE AN INDEPENDENT DECISION
REGARDING THE ACCURACY OF THIS INFORMATION BASED ON THEIR NEEDS AND DATA
AVAILABLE TO THEM. ALL SUBSTANCES AND MIXTURES MAY PRESENT UNKNOWN
HAZARDS AND ALL NECESSARY SAFETY PRECAUTIONS SHOULD BE TAKEN. ATCC ASSUMES
NO LIABILITY RESUGLTING FROM USING OR COMING IN CONTACT WITH THIS SUBSTANCE.

2 2003 American Tvpe Culture Colicclion.
ATUO@ s g regisiered trademark of the American Type Culture Coilection.
Juby 2003



ATCC MATERIAL SAFETY DATA SHEET

SECTION 1. CHEMICAL IDENTIFICATION

Product Name: Dimethylsulfoxide (DMSO)
ATCC Catalog No.: 4-X

SECTION 2. COMPOSITION/INFORMATION ON INGREDIENTS
HAZARDOUS INGREDIENTS | CAS NUMBER | EC NUMBER (EINECS) | PERCENTAGE |
DIMETHYLSULFOXIDE 67-68-5 200-664-3 99 - 100% |

SECTION 3. HAZARDS IDENTIFICATION

LABEL PRECAUTIONARY STATEMENTS:

IRRITANT.

[RRITATING TO EYES. RESPIRATORY SYSTEM AND SKIN

COMBUSTIBLE LIQUID.

READILY ABSORBED THROUGH SKIN.

TARGET ORGAN(S):

EYES.

SKIN.

DO NOT BREATHE VAPOR.

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND SEEK
MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING.

MOISTURE SENSITIVE.

SECTION 4. FIRST-AID MEASURES

IF SWALLOWED. WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS. CALL A
PHY SICIAN.

IF INHALED. REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL RESPIRATION . IF
BREATHING IS DIFFICULT. GIVE OXYGEN.

IN CASE OF CONTACT. IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS AMOUNTS OF
WATER.

IN CASE OF CONTACT. IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF WATER FOR
AT LEAST 15 MINUTES.

SECTION 5. FIRE FIGHTING MEASURES

EXTINGUISHING MEDIA:
WATER SPRAY. CARBON DIOXIDE. DRY CHEMICAL POWDER OR APPROPRIATE FOAM

SPECIAL FIREFIGHTING PROCEDURES:
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO PREVENT
CONTACT WITH SKIN AND EYES.

American Type Culture Collection Emergency Teiephone:. {703} 365-2710{24 hou's;
2 C. Bex 1549 Informatior Telephone: {7331 363-2704
‘larassas VA 20108 1 Chemtrec {8001 424-8300



A QCC, - MATERIAL SAFETY DATA SHEET

UNUSUAL FIRE AND EXPLOSIONS HAZARDS:

EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

COMBUSTIBLE LIQUID.

METHYL SULFOXIDE (DMSO) UNDERGOES A VIOLENT EXOTHERMIC REACTION ON MIXING
WITH COPPER WOOL AND TRICHLOROACETIC ACID. ON MIXING WITH POTASSIUM
PERMANGANATE IT WILL FLASH INSTANTANEQUSLY ITREACTS VIOLENTLY WITH: ACID
HALIDES, CYANURIC CHLORIDE, SILICON TETRACHLGRIDE, PHOSPHORUS TRICHLORIDE AND
TRIOXIDE, THIONY L CHLORIDE. MAGNESIUM PERCHLORATE. SILVER FLUORIDE. METHYL
BROMIDE, 10DINE PENTAFLUORIDE, NITROGEN PERIODATE, DIBORANE, SODIUM HYDRIDE.
PERCHLORIC AND PERIODIC ACIDS. WHEN HEATED ABOVE iTS BOILING POINT METHYL
SULFOXIDE DEGRADES GIVING OFF FORMALDEHYDE. METHYL MERCAPTAN. AND SULFUR
DIOXIDE.

SECTION 6. ACCIDENTAL RELEASE MEASURES

WEAR RESPIRATOR. CHEMICAL SAFETY GOGGLES. RUBBER BOOTS AND HEAVY RUBBER
GLOVES.

ABSORB ON SAND OR VERMICULITE AND PLACE IN CLOSED CONTAINERS FOR DISPOSAL.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP [S COMPLETE. EVACUATE
AREA.

AVOID CONTAMINATING WATER SUPPLY .

SECTION 7. HANDLING AND STORAGE

REFER TO SECTION 8,

SECTION 8, EXPOSURE CONTROLS/PERSONAL PROTECTION

MECHANICAL EXHAUST REQUIRED.

SAFETY SHOWER AND EYE BATH.

WASH THOROUGHLY AFTER HANDLING.

KEEP TIGHTLY CLOSED.

KEEP AWAY FROM HEAT AND OPEN FLAME.

STORE IN A COOL DRY PLACE AT 2-8°C.

NIOSH/MSHA-APPROVED RESPIRATOR,

COMPATIBLE CHEMICAL-RESISTANT GLOVES.

CHEMICAL SATFETY GOGGLES.

DO NOT BREATHE VAPOR.

AVOID CONTACT WITH DMSO SOLUTIONS CONTAINING TOXIC MATERIALS OR MATERIALS
WITH UNKNOWN TOXICOLOGICAL PROGPERTIES. DIMETHYL SULFOXIDE IS READILY
ABSORBED THROUGH SKIN AND MAY CARRY SUCH MATERIALS INTO THE BODY
AVOID PROLONGED OR REPEATED EXPOSURE.

SECTIONSY. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR:
CLEAR. COLORLESS LIQUID.
HYGROSCOPIC.
GARLIC-LIKE ODOR.

American Type Culture Collection cmergency Telephonsg: {7031 365-2710 {24 hours;
P.0. Box 1548 information Telgphone: (703) 363-2704
Manassas, VA 20108 2 Chemtrec {8G0H 424-930C
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BOILING POINT: 189°C

MELTING POINT: 18.4°C
FLASHPOINT: 188 60°F/R7°C
EXPLOSION LIMITS IN AIR:

UPPER 283 %

LOWER 26 %

VAPOR PRESSURE: 0 42 MMHG % 20°C
SOLUBILITY '

WATER -Z2{075
ALCOHOLS, ETHYL

SPECIFIC GRAVITY. LG

VAPOR DENSITY: ERCHE

FREEZING POINT: 18.5°C

SECTION 10. STABILITY AND REACTIVITY

STABILITY:
STABLE.

INCOMPATIBILITIES:
PROTECT FROM MOISTURE.
ACID CHLORIDES.
PHOSPHORUS HALIDES.
STRONG ACIDS.

STRONG OXIDIZING AGENTS.
STRONG REDUCING AGENTS.

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS:
CARBON MONOXIDE.

CARBON DIOXIDE.

SULFUR OXIDES.

FORMALDEHYDE.

MERCAPTANS.

HAZARDOUS POLYMERIZATION:
WIILL NOT OCCUR.

SECTION 11. TOXICOLOGICAL INFORMATION

ACUTE EFFECTS:

TO THE BEST OF OUR KNOWLEDGE. THE CHEMICAL, PHYSICAL. AND TOXICOLOGICAL
PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

CAUSES SKIN [RRITATION.

READILY ABSORBED THROUGH SKIN

VIAY BE HARMFUL IF ABSORBED THROUGH THE SKIN.

CAUSES EYE IRRITATION.

MVIATERIAL (S IRRITATING TO MUCOUS MEMBRANES AND UPPER RESPIRATORY TRACT

American Type Culture Collection Smergency felephone. (703) 385-2710 (24 hours)
D0 Bex 1549 information Telephone: (703) 365-2704
Marassas, YA 201C8 3 Chermtrec (800} 424-8300
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MAY BE HARMFPUL IF INHALED.

MAY BE HARMFUL IF SWALLOWED,

LD.

LC.

AVOID CONTACT WiTH DMSO SOLUTIONS CONTAINING TOXIC MATERIALS OR MATERIALS
WITH UNKNOWN TOXICOLOGICAL PROPERTIES. DIMETHYL SULFOXIDE IS READILY
ABSORBED THROUGH SKIN AND MAY CARRY SUCH MATERIALS INTO THE BODY .

CHRONIC EFFECTS.
TARGET ORGAN(S):
EYES.

SKIN

RTECS #: PVG2I0000:
METHYL SULFOXIDE.

IRRITATION DATA:

SKN-RBT 10 MG/24H OPEN MLD
SKN-RBT 500 MG/24H MLD
EYE-RBT 160 MG

EYE-RBT 300 MG/24H MLD

TOXICITY DATA:

ORL-RAT LD30:14500 MG/KG
SKN-RAT LD50:40 GM/KG
IPR-RAT LD30;8200 MG/KG
SCU-RAT LD30: 12 GM/KG
[VN-RAT LD30:3360 MG/KG
UNR-RAT LD30- 1300 MG/KG
ORL-MUS LD3G:7920 MG/KG
SKN-MUS LD30:30 GM/KG
[PR-MLS LD30:2300 MG/KG
SCU-MUS LD30: 14 GM/KG
[VN-MUS LD30:3 100 MG/KG
UNR-MUS LD30:12 GM/KG
ORL-DOG LD50:>10 GM/KG
IVN-DOG LD30:2500 MG/KG
ORL-CKN LD30:12 GM/KG
ORL-MAM LD30:2 1400 MG/KG
ORL-BWD LD30:100 MG/KG

TARGET ORGAN DATA:
BEHAVIORAL {ALTERED SLEEP TIME).

AHAAP 25.95.1962
$§3JCAE - 10441984
TXAPAQ 391291977
R3JCAE - 10441986

TXAPA9 15.74,1969
ANYAAY 141.96,1967
FCTODT 22.665.1984
ARZNAD 14.1050.1964
TXAPAY 7.104.1963
NTIS** AD-A159-418
CHTPBA 3.10.1968
ANYAAY 141.96,1967
RPTOAN 33.300.1972
ANYAAD 141.96.1967
TXAPAY [5.74.1969
USXXAM #4767763
ANYAAO 141.96,1967
CNCRAG 31.7.1963
JPPMAB 15.688$.1063
GISAAA 39(4).86.1974
TXAPAY 213151972

LUNGS. THORAX OR RESPIRATION (DYSPNAE).
LUNGS. THORAX OR RESPIRATION (CYANOSIS).
GASTROINTESTINAL (NAUSEA OR VOMITING).
LIVER (JAUNDICE. OTHER OR UNCLASSIFIED).

BLOOD (OTHER CHANGES)

Emergenrcy Telephong {703} 3585-2710 {24 hcurs;
Information Talephona: (7031 363-2704
Chemtrec {800) 424-530C

American Type Culture Collection
2.0 SBox 1548
Manassas, VA 20108 4
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EFFECTS ON FERTILITY (PRE-IMPLANTATION MORTALITY).

EFFECTS ON EMBRYO OR FETUS (FETOTOXICITY ).

SPECIFIC DEVELOPMENTAL ABNORMALITIES (MUSCULOSKELETAL SYSTEM).

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES (RTECS DATA LS
PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR COMPLETE INFORMATION.

SECTION 12, ECOLOGICAL INFORMATION

DATA NOTYET AVAILABLE.

SECTION 13 DISPOSAL CONSIDERATIONS

CONTACT A LICENSED PROFESSIONAL WASTE DISPOSAL SERVICE TO DISPOSE OF TH!IS
MATERIAL.

THIS COMBUSTIBLE MATERIAL MAY BE BURNED IN A CHEMICAL INCINERATOR EQUIPPED
WITH AN AFTERBURNER AND SCRUBBER.

OBSERVE ALL FEDERAL. STATE AND LOCAL ENVIRONMENTAL REGULATIONS.

SECTION 14. TRANSPORT INFORMATION

THIS PRODUCT CONTAINS NO HAZARDOUS SUBSTANCES AS DEFINED BY THE DEPARTMENT
OF TRANSPORTATION REGULATIONS, CODIFIED IN TITLE 49 CFR SECTION 171 8 AT
REPORTABLE QUANTITIES ACCORDING TO TABLE | OF APPENDIX A OF 40 CFR §172.101.

SECTION 15. REGULATORY INFORMATION

EUROPEAN INFORMATION:

[RRITANT.

R 36/37/38

IRRITATING TO EYES. RESPIRATORY SYSTEM AND SKIN.
S 25

DO NOT BREATHE VAPOR.

S 26

IN CASE OF CONTACT WITH EYES. RINSE IMMEDIATELY WITH PLENTY OF WATER AND
SEEK MEDICAL ADVICE.

S 36

WEAR SUITABLE PROTECTIVE CLOTHING

REVIEWS, STANDARDS. AND REGULATIONS:

CEL=MAK.

OEL-GERMANY: NO MAK ESTABLISHED. JANI999,

OEL-RUSSIA; STEL 20 MG/M3. JANI993.

OEL-SWEDEN: TWA 30 PPM (130 MG/M3), KTV 130 PPM (360 MG/M3). SKIN. JANTO9G,
OFEL-SWITZERLAND: MAK-W 30 PPM (160 MG/M3), SKIN, JAN1999.

NOHS 1974: HZD 80364: NIS 11 TNF 476: NOS 25 TNE 22461

NOES 1983 HZD 80564: NIS 20, TNF 3507: NOS 40: TNE 34947: TFE 16857

EPA GENETOX PROGRAM 16088, POSITIVE: ASPERGILLUS-ANEUPLOIDY: S CEREVISIAL GENE
CONVERSION.

American Type Culture Collection Emergency Teleprione: {7931 385-271C (24 haurs)
2.0, Box 1549 Informanon Telephone: {703) 385-2704
Varassas, VA 2071038 5 Chemtrac {3007 424-2300
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EPA GENETOX PROGRAM (988, NEGATIVE: SHE-CLONAL ASSAY: CELL TRANSFORM.-MOUSE
EMBRYO,

EPA GENETOX PROGRAM 1983 NEGATIVE: CELL TRANSFORM.-RLV F344 RAT EMBRYO.

EPA GENETOX PROGRAM 1088 NEGATIVE: D MELANOGASTER-WHOLE SEX CHROM LOSS:
HOST-MEDIATED ASSAY.

EPA GENETOX PROGRAM 1988, NEGATIVE: N CRASSA-ANEUPLOIDY: E COLI POLA WITH 89,
EPA GENETOX PROGRAM 1988, NEGATIVE: HISTIDINE REVERSION-AMES TEST. IN VITRO §CE-
NONHUMAN.

EPA GENETOX PROGRAM 1988, NEGATIVE: D MELANOGASTER SEX-LINKED LETHAL.

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: ASPERGILLUS-RECOMBINATION:
CARCINOGENICITY-MOUSE/RAT.

EPA GENETOX PROGRAM 1983, INCONCLUSIVE: D MELANOGASTER-RECIPROCAL
TRANSLOCATION.

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: RODENT DOMINANT LETHAL: B SUBTILIS REC
ASSAY.

EPA GENETOX PROGRAM 1988, INCONCLUSIVE: E COLI POLA WITHOUT $9 EPA TSCA SECTION
3(BY CHEMICAL INVENTORY.

EPA TSCA SECTION 3(D) UNPUBLISHED HEALTH/SAFETY STUDIES EPA TSCA TEST SUBMISSION
{TSCATS) DATA BASE. JANUARY 2001.

SECTION 16, OTHER INFORMATION

THE ABOVE INFORMATION IS CORRECT TO THE BEST OF OUR KNOWLEDGE. ALL MATERIALS
AND MIXTURES MAY PRESENT UNKNOWN HAZARDS AND SHOULD BE USED WITH CAUTION.
THE USER SHOULD MAKE INDEPENDENT DECISIONS REGARDING THE COMPLETENESS OF THE
INFORMATION BASED ON ALL SOURCES AVAILABLE. ATCC SHALL NOT BE HELD LIABLE FOR
ANY DAMAGE RESULTING FROM HANDLING OR CONTACT WITH THE ABOVE PRODUCT.

3 2002 Amcrncan Tyvpe Culture Celiccuon
ATCC® is a registered trademark of the American Type Culture Collection.
Margh 2002

American Type Culture Collection Emergency | elephone (703) 365-2713 (24 ~oursi
PO, Box 1549 information Telephone: (703 385-2704
Manassas, VA 2030 Chermtrec ‘860, 424-9300

[*)]



